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Abstract 

The broad context in which this dissertation falls is multi- 
variate developmental psychology. Being theoretical and nonempirical 
in nature, the intent is to explore certain foundational issues such 
that the area of multivariate developmental psychology may be secured. 
The central theme involves considering changes in either ability factor 
loadings, factor scores, and/or interfactor relationships. More 
specifically, after some general introductory comments in Chapter 1 
concerning changes in ability factors, Chapter 2 considers the concepts of 
quantitative, structural, and quantistructural change as these have 
been characterized from a multivariate perspective, where the latter 
is a hybrid of the former two types of change. In Chapter 3 the 
relationships between learning, transfer, and ability factors are 
reviewed. After defining transfer and learning within the factor 
analytic model, a multivariate change model is presented in which 
changes in ability factor socres (cognitive structure) and factor 
loadings (task structure) provide the theoretical underpinnings for 
the process of transfer. In Chapter 4, the relationships between 
learning, development, and ability factors are considered. This 
involves integrating Gagné's types of learning with conceptualizations 
of the development of ability factors. This account provides for a 
learning stage view of the growth of ability factors. In Chapter 5 three 
basic ideal factor relation types are outlined, i.e., divergence, 
convergence, and parallelism. Concepts considered, which provide for an 
analytic statement as to the possible ontogenetic changes in structure, 
include cumulation vs. non-cumulation of factors, and higher order 
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CHAPTER 1 
INTRODUCTION 

Since this manuscript does not fall into the category 
of a typical dissertation that is carried out within the field of 
psychology, some general preliminary remarks are in order. The reader 
will first note that the traditional chapter headings used for organizing 
an empirical research are absent. Thus there is no general introductory 
review of the literature that leads up to the formulation of a specific 
set of empirical hypotheses, followed by sections on method, results, 
and discussion. Being theoretical and nonempirical in nature, the format 
adopted here has been to give chapter headings to certain specific issues 
or aspects involved in changes in abilities from a multivariate develop- 
mental perspective. In this way, the pertinent literature for each topic 
or issue is introduced as required, thereby facilitating the presentation, 
argument, and understanding of each of the separate chapters. In this 
sense, each of the chapters forms a semi-autonomous unit, which may stand 
or fall largely on its own merit. 

If the reader comes away with the feeling that each chapter 
almost reads like a separate paper, this would be essentially a correct 
conclusion in a certain sense, and is due to the manner in which this 
dissertation evolved. That is, over the last 12 - 15 months, the writer 
has been engaged in a self-stimulating process, where after delving into 
One issue in a relatively comprehensive and analytic manner, related 
issues and questions became apparent which led to the next chapter, and 
so on. Thus an initial interest in learning as it relates to ability 
factors led to a concern with development, which in turn led to several 


different, but compatible, types of developmental models. While this 
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2 
freedom to follow up interesting leads should also exist in an empirical 
research, it seems that an exclusive concern with conceptual and theoret- 
ical issues provides an added advantage in this regard since one is not 
restricted by such practical problems as having the available resources 
to follow one's hunches (e.g. time, financial backing, locating and 
testing appropriate subjects, etc.). 

Having alerted the reader to the distinctiveness of each of the 
chapters that follows, it should be quickly stated that there truly is 
a ‘thesis' here. The overriding theme or topic is multivariate develop- 
mental psychology, an area that is beginning to take shape and which 
perhaps can be considered as being established as an ‘area' with Coan's 
(1966) pioneering chapter. The purpose of the present work is largely 
to forge ahead in this rapidly expanding field, systematizing and organ- 
izing previous work and pointing the way for future deveiopments. With- 
in the broader framework of multivariate developmental psychology, 


the major focus of attention in the present text is upon changes in 


ability factors. More specifically, changes in factor scores, factor 
loadings, and/or interfactor relationships are usually the focus of 


attention. It is in this sense that the subject matter dealt with here 
may be viewed as being rather specific and circumscribed. At the same 
time, the present treatment may be considered as quite broad in nature 
because of the several different ways of looking at changes in ability 
factors that are considered below. 

While there has been considerable effort to develop change 
models within the factor analytic model, it is unfortunate that much of 
this work has been going on divorced of the more substantive areas in 


psychology such as (learning and development). Thus, it would seem 
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advantageous to embed the notion of changes in ability factors within 

the context of those variables that determine change, that is, within a 
learning and developmental context. This brings us to the important 
point that the major contribution of the present work is not in the 

area of developing and extending the more technical aspects of measuring 
changes in factors, but rather in integrating the concept of changes in 
ability factors within substantive learning and developmental theory. 

In other words, the approach taken is a 'model building’ one rather than 
considering the complex problems associated with actually measuring changes 
in factor scores, factor loadings, and interfactor relationships. In 
this sense, much of the theoretical work that follows may be considered 
‘futuristic’, since operationalizing many of the models to a completely 
satisfactory degree depends upon much more sophisticated psychometric 

and scaling techniques than are presently avaiiable. Although these 
scaling and psychometric problems haye been jargely bracketed in the 

main text in order to facilitate the development of the central issues 
with which the writer is concerned, it would be irresponsible to completely 
ignore these problems. It is for this reason that a brief summary state- 
ment of the problems in detecting 'real' changes in factor scores, factor 
loadings, and interfactor relationships is presented in Appendix A. 
Appendix A should probably be read concurrently with Chapter 2, although 
an understanding of the latter is not dependent upon the former. 

Having indicated a major assumption that is unique to the present 
treatment, a second nonunique assumption should be mentioned that 
characterizes much multivariate work in general. This is the assumption 
of linearity, and a brief discussion of this topic may be found in 


Appendix B. Essentially the idea here is that the factor analytic model 
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is linear and compensatory in nature, unable to detect interactional 
relationships as well as disjunctive and conjunctive aspects in the data. 
In concluding these introductory remarks, it may be helpful to 
the reader to offer a brief summary statement of the remaining chapters. 
Chapter 2 sets out the conceptual framework for changes in factor load- 
ings and factor scores. Chapter 3 makes use of the idea of such changes 
in providing the theoretical underpinnings for the process of transfer. 
Chapter 4 develops a learning stage theory in the development of ability 
factors and relates this idea to changes in ability factor loadings and 
scores. Chapter 5 concentrates on changes in the interfactor relation- 
ships within a developmental context. Chapter 6 considers changes in 
the interfactor relationships within current developmental models that 
separate age-related and cohort-related effects. Chapter 7 sets out 
several data gathering strategies for person X variable X occasion data 
within the familiar concepts of inter-individual differences, intra- 
individual differences, and intra-individual changes. Finally, Chapter 
8 considers recursive and nonrecursive properties of factors and develop- 


mental causal networks. 
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CHAPTER 2 
A MULTIVARIATE MODEL OF QUANTITATIVE, STRUCTURAL, AND 
QUANTISTRUCTURAL ONTOGENETIC CHANGE ! 

The issue of quantitative vs. qualitative (structural) onto- 
genetic (age-related) change has been a continuing source for discussion 
in developmental psychology (Flavell and Wohlwill, 1969; Reese and 
Overton, 1970; Werner, 1957). Recently, a small number of people with 
a multivariate orientation towards the structuring of age-related 
behavioral change have focused upon this issue. Thus, Emmerich (1968) 
has noted the following possibilities as indicating structural change in 
factors (he uses the term discontinuous): changes in the meaning of a 
factor as reflected by changes in factor loadings; changes in the number 
of dimensions required to account for the common variance; changes in 
the absolute amount of common variance accounted for by a factor; changes 
in the relative amount of common variance accounted for by a factor; and 
finally, changes in the intercorrelations among factors. Quantitative 
change in factors may be identified with what Emmerich calls instability 
of the rank of individuals on factors, although a prerequisite here would 
seem to involve no structural change, or what Emmerich calls continuity. 

Coan (1966, 1972) has also considered the question of change 
in factors over the life-span, and outlined several theoretical pos- 
sibilities for structural change as well as presenting graphs of quan- 
titative change or changes in the level of factors. The former included: 
factor metamorphosis whereby the factor changes in its basic nature; 
factor emergence which involves the appearance of a factor due to 


"h version of this chapter is to appear in Buss (1973a). 
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increasing covariation with age; factor convergence or the coming to- 
gether of two earlier factors into a single one; factor disintegration 
which comes about as a result of a decrease in covariance; factor 
divergence or the splitting of a single factor into two factors; and 
finally, factor component interchange in which a regrouping of components 
defining a factor occurs due to changes in covariation. 

All of the pocorn distinctions that Emmerich and Coan have 
made with regard to quantitative and structural change in factors must 
ultimately hinge upon sophisticated technical and psychometric considera- 
tions with respect to two concepts. That is to say, it must be possible 
to determine "real" changes, as opposed to spurious changes, in factor 
scores and factor loadings across populations (same or different 
individuals) that are defined by age differences. Bracketing for present 
purposes the scaling problems associated witn determining genuine age- 
related changes in factor scores and factor loadings (see Appendix A for 
a brief discussion of these issues), it should be noted that the distinc- 
tion between multivariate quantitative and structural changes through 
ontogeny has in fact been recently made within the framework of changes 
in factor scores and factor loadings (Baltes and Nesselroade, 1970, 1973; 
Emmerich, 1964, 1966, 1968; Nesselroade, 1970; Nesselroade and Bartsch, 
1973). Although the details of these conceptualizations of quantitative 
and structural change will be examined in greater depth below, it can be 
mentioned here that the terminology has not always been uniform 


across investigators. In addition, it will be seen that it is 
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possible to apply the terms quantitative and structural change to a 
factorially complex or multi-dimensional criterion variable, as opposed 
to a factor. To compound the complexity of this issue, changes in 
factor scores and factor loadings have also been used by some of these 
same people for discriminating between trait and state factors. 

The purpose of the present chapter is to offer a conceptual 
framework that will systematize and extend previous thinking on multi- 
variate ontogenetic quantitative and structural change. It will be seen 
that different types of change are possible when both the trait-state 
factor distinction and short versus long term time-spans between the 
occasions that allow for determining change are co-considered. In 
addition, the separation of considering changes in factorially complex 
criterion variables, that span more than one domain (e.g. ability, 
temperament, motivation), from that of a factor, will be seen to have 
important implications for generating the total types of possible 
change through the life-span. Finally, the change concepts developed 
will be applied to hierarchical factor models. 

Changes in Complex Multi-Dimensional Criterion Variables 

Before considering specifically changes in complex multi- 
dimensional criterion variables, it will be advantageous to develop the 
logic of change within the factor-analytic model. Factor analysis 
takes as its goal the determination of a relatively small set of factors 
which permit the generation of a larger set of data. It begins with a 
set of variables in the form of a symmetric correlation matrix and 
through a series of mathematical operations (see Harman, 1967; Mulaik, 
1972), arrives at a more basic set of latent constructs (factors) 


revealed by the inherent covariance relationships among the original 
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variables. This procedure permits the specification of an individual's 
score on any of the variables in terms of the underlying factors. The 
latter relationship is embodied in what has been called the basic factor 
equation, or pattern equation, or what Cattell (1957) calls the 
specification equation. This equation, with the variance associated 


with uniqueness set aside, may be stated as: 
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where Z,; is the common part of individual i's standard performance score 


on variable x, the b's are the k factor loadings, and the F's are the k 
factor scores. Equation [1] specifies a person's score on a variable 
as an additive function of his weighted factor scores. The factor 
scores are unique for individual i and remain invariant across any 
variable considered (no variable subscript), while the factor loadings 
are unique for variable x and remain invariant across any individual 
considered (no person subscript). The latter statement needs to be 
qualified by the restriction that it necessarily holds only when con- 
sidering the specification of scores on variables at one point in time, 
since it is possible that both factor scores and loadings may change 
over time and thus confound the two invariant relationships just men- 
tioned. The latter possibility is the central issue that is considered 
in this paper. 

A couple of additional comments can be made concerning the 
relationship expressed in Equation [1]. First, it may be helpful to 
think of Equation [1] as a special type of linear regression equation 
where a variable is regressed on factors. Second, the reason for not 
considering Equation [1] as just another regression equation stems from 


how the components that are regressed upon, that is, the factors, are 
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viewed. A substantial literature exists on considering factors as 
valuable theoretical constructs with inferential power, which is the 
view adopted here (Cattell, 1957, 1966a; Coan, 1964; Guilford, 1967; 
Henrysson, 1957; Royce, 1963; Rozeboom, 1966; Thurstone, 1947) rather 
than simply being descriptive components of the immediate data (Burt, 
1949; Eysenck & Eysenck, 1969; Thomson, 1956; Vernon, 1950). 

Consider now Equation [1] as specifying the performance of a 
given individual on a given variable at an occasion 04. It is possible 
to construct a similar equation for occasion 05> in which changes on 
variable x will be a function of either changes in factor scores, 
factor loadings, or both (Nesselroade, 1970), where it is assumed that 
the "same" factors are involved (qualifications to be discussed). 
Consider first the case for changes in factor scores or F's. This 


situation may be represented by: 


2X4 = Daas + ByokSy + -- Dy EhG [2] 
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where the symbols are the same as in Equation [1] and the asterisk (*) 
indicates values on occasion 0, that are different from values on 
occasion 0). Equation [1] may now be subtracted from Equation [2] in 


the following straightforward manner: 


Si tneesl a ba (FA4-Fyy) " by (F54-Fo4) +... + b, CFG FG? [3] 


which may be considered as representing quantitative change in a multi- 
dimensional variable. That is to say, the change in performance in 
variable x from occasion 0, to occasion 05, comes about as a result of 
increases or decreases on factors whose basic natures are assumed to 


remain invariant since the factor loadings remain the same. The 
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10 
implication here is that the theoretical underpinnings for quantitative 
change in a multi-dimensional variable reside in the factor scores (F's). 
and that for a given individual i, such changes in factor scores will 
yield quantitative changes across multi-dimensional variables, assuming 
constant factor loadings for those variables. 

Consider now that situation where a change in performance on 
variable x from occasion 0, to occasion 0, is a result of changes in the 
factor loadings or b's, which may be interpreted as a change in the 
factor demands of variable x over time. This situation can be represented 
in a similar manner as was done in Equation [3] for changes in factor 


scores, that is, 


Bed Sai = AOR Pa Ey + (Bho Pao Fog tones + (cP Ey TH 


where the only difference from Equation [3] is that the change in variable 
X is now due to changes in factor loadings rather than factor scores. 
Equation [4] represents structural change in a multi-dimensional 
variable, since such change comes about as a result of structural changes 
in the underlying factor demands that define variable x. This brings 
us to the conclusion that the theoretical underpinnings for structural 
change in a multi-dimensional variable reside in the task demands (b's), 
and as such, will occur across persons for that variable assuming constant 
F's for other persons. This follows, since it will be recalled that the 
factor loadings have no person subscript. 

The third possibility for change in a multi-dimensional 
variable involves that situation where both factor scores and factor 
loadings change across occasions. It is not possible to represent this 


subtraction of one specification equation from another in terms of the 
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individual subtraction of both component factor scores and factor load- 
ings, since no simple algebraic solution exists when both of these 


components change. This third possibility may be represented, however, 


by: 
nes as 5, $ 


which simply involves determining each of the separate values on 
variable x before the subtraction operation is carried out. Since this 
type of change in variable x involves both quantitative change (changes 
in F's) and structural change (changes in b's), it will hereafter be 
referred to as quantistructural change, which will be the only neologism 
introduced in this chapter. 

Several comments are in order on the developments thus far. 
Mention should be made of the fourth possibility involving no change 
in factor scores and factor loadings and thus no change in variable x. 
This case will be designated as stability. More specifically, by 
"stability" it is meant that the rank order of individuals' scores 
across occasions is constant, since it would be possible to have a 
constant absolute increase in factor scores across individuals, for 
example, and yet have identical standardized factor scores across 
occasions. If one were to adopt a notion of stability that necessitated 
constant absolute raw variable scores and factor scores, as well as 
constant factor loadings, it would be necessary to consider standard- 
izing across occasions, rather than within occasions, the variable 
scores and factor scores. That is, the combined or pooled scores across 
occasions would be standardized as a single group. It would also be 


necessary to consider the factor loadings as b coefficients rather than 
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beta weights, since the former are not restandardized within occasions 
thus avoiding spurious changes. The factor-analytic techniques designed 
to deal with these problems are reviewed in Appendix A. These four 
possibilities involving either change or stability for each of factor 
scores and factor loadings, are represented in Figure 1, where A 
indicates stability, B - quantitative change, C - structural change, 

and D - quantistructural change. 

Concerning the three types of change outlined above and as 
represented in Equations [3], [4], and [5], it should be appreciated 
that logically, any one of them may occur even though there is no 
change in the manifest score on variable x. This becomes apparent once 
it is realized that the basic factor equation which specifies perfor- 
mance on variable x is compensatory in nature. That is to say, if there 
were compensatory (or trading off) changes on whatever component is 
being considered (factor scores, factor loadings, or both), it is 
possible that quantitative, structural, or quantistructural change will 
occur with respect to the source constructs specifying performance on 
variable x, while the manifest performance score of a particular 
individual i remains constant (assuming that there are some individuals 
that do change on some vaniablese thus altering the factor loadings and/ 
or factor scores). This implies that the zero manifest change on this 
variable across occasions for a particular individual i is the result 
of precise compensatory changes, with regard to the original performance 
score on variable x, in either factor scores, factor loadings, or both. 
This point leads us to a important conclusion with respect to the types 
of change on a multi-dimensional variable. Strictly speaking, the 


distinctions stability and quantitative, structural, and quantistructural 
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Figure ] 


The four change properties of a multidimentional variable. 
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change, apply to the latent source determinants of individual differences 
in variable x rather than the manifest change score of variable x. That 
is to say, the change properties outlined here refer to changes ina 
multi-dimensional variable (the latent source factors) rather than to 
changes on such variables (the manifest variable score). 

The types of change presented above embody previous statements 
on this issue, with some minor modifications. Thus Nesselroade (1970) 
identified quantitative change in the same manner as in Equation [3], 
but considered structural change as reflected by Equation [5] (called 
here quantistructural) rather than by Equation [4]. Baltes and 
Nesselroade (1970) have made the same four fold distinctions as in 
Figure 1 using the terminology stable versus fluctuant factors scores 
and invariant versus noninvariant factor loadings. They quite cor- 
rectly argued that quantitative change must have as a prerequisite 
structural stability, although they do not consider the possibility 
that structural change should have as a prerequisite quantitative 
stability. Emmerich (1964, 1966, 1968) has used the terminology 
stability versus instability for factor scores and continuity versus 
discontinuity for factor loadings. Also related to the present treat- 
ment is Cattell's (1971) trivector structured jearning model, where a 
change in variable x brought about through learning is represented by 
three vectors that capture changes in the factor loadings, factor scores, 
and modulating indices respectively. The latter concept refers to 
differential weights that are assigned to certain concepts (e.g., 
states, roles, dynamic traits) on the basis of the stimulus situation 


(see Cattell], 1963, for a discussion of modulation theory). 
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It will be advantageous to consider the distinctions made 

above with respect to the types of change possible for the source 
constructs specifying performance on a variable x, as applying to that 
situation where variable x is a complex criterion variable that is 
‘extra’ the original factor analysis. Such a move is by no means 
radical, since there has been considerable work relating source factors 
in the personality, abilities, and motivational domains, to such per- 
formance variables as school achievement (e.g. Cattell and Butcher, 
1968) and occupational performance (e.g. Sells, 1966) through the use of 
multiple correlation and regression techniques. This slight conceptual 
shift will serve the purpose of clarifying previous treatments of this 
issue, as well as lay the ground work for subsequent extensions that 
will be made concerning the change concepts developed thus far. 
Previous writers (Baltes and Nesselroade, 1970; Emmerich, 1964, 1966, 
1968; Nesselroade, 1970) have adopted the framework of considering a 
multi-dimensional variable that has been included in the original 
factor analysis. While there can be no criticism of this approach on 
technical grounds, it seems to the writer that there may be a danger 
here of overgeneralizing from the correct conclusion that, if there are 
changes in factor loadings as set out in Equation [4], there will 
necessarily be structural change in the nature of the factors themselves. 
While this conclusion must follow for that case where the multi- 
dimensional variable specified is one of the variables in the original 
factor analysis and it is assumed that the nature of a factor is 
reflected by the factor loadings, it by no means necessarily holds for 
that case where the multi-dimensional variable is 'extra' the original 


factor analysis. 
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Concerning that case where the multi-dimensional variable is 
a complex criterion variable that is ‘extra!’ the original factor 
analysis, it is conceivable that performance on such a variable x on 
two separate occasions will result in changes in factor loadings while 
retaining structural invariance with respect to the nature of the 
factors involved. For example, consider performance in history. 
Initially, the ability factor memory may be important in producing 
individual differences and receives a large weight. Ona later 
occasion, one may find that such a factor is of little importance for 
producing individual differences, but the ability factor deduction may 
be important. The interpretation here is that initially one needs to 
memorize 'facts' to do relatively well in history, but at a latter 
time for the same individual, once a reasonable number of 'facts' have 
been stored away, relatively high performance now requires the deduction 
of certain principles, trends, implications, etc. There has been 
structural change in this example from occasion 0, to occasion 0. with 
respect to the degree the source factors are involved in specifying 
individual differences in performance in history (assuming for the sake 
of argument no change in the level of factor scores). It by no means 
follows automatically that the factors themselves as represented by the 
F's have undergone structural change. It is quite possible that the 
memory and deductive factors are basically the same (structurally 
invariant) across occasions. The distinctions being hinted at here 
will become explicit in the following section. Assuming for present 
purposes then, that the development thus far has been concerned with 
complex multi-dimensional criterion variables that are ‘extra’ the 


original factor analysis, it will now be necessary to consider in 
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greater detail the idea of changes in factors. 
Changes in Factors 
It is possible to conceptualize performance on a factor in a 
similar manner as was done in Equation [1] for a multi-dimensional 
variable. This would be represented by: 


Fei = pA ue vee t Wei [6] 


where By is the estimated factor score on factor f for individual i 
and the w's and V's are the j salient variable loadings and salient 
variable scores respectively. By salient variables it is meant those 
variables in the original factor analysis that reflect or specify the 
intrinsic nature of the factor. Thus in Equation [6], the salient 
variables are not considered as "determining" individual differences 

in factor scores, since factors are viewed throughout this paper as the 
more basic sources of individual differences. What Equation [6] does 
set out, however, is a definition or the basic nature or meaning of 

a factor in terms of salient variables. By a similar argument as 
before, it is possible to specify stability and quantitative, structural, 
and quantistructural change in terms of change or no change for salient 
variable scores and loadings. This possibility is set out in Figure 2, 
where using lower case letters to refer to these distinctions with 
respect to a factor rather than the previous upper case letters for a 
multi-dimensional variable, a represents stability, b - quantitative 
change, c - structural change, and d - quantistructural change. It has 
already been noted that Coan (1966) has considered quantitative changes 
in several personality factors over the life-span as well as structural 


changes in the nature of the factors themselves. Examples of the latter 
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The four change properties of a factor. 
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19 
include the expression of many factors becoming increasingly internalized 
or more covert with age, as well as structural changes due to the 
socialization process (e.g. dominance progresses from mere aggressive- 
ness to more socially acceptable assertiveness associated with success). 

Reconsider now that situation where equations of the type [1] 
specify performance on two separate occasions for a complex multi- 
dimensional criterion variable x that is 'extra' the original factor 
analysis. A little reflection here will make it apparent that, in 
addition to characterizing the latent source constructs of this equation 
in terms of the four fold classification of change properties, the 
factor scores or F values in this equation can: themselves be similarly 
characterized as implied by Equation [6] and Figure 2. In other words, 
in considering the sources for change on a complex multi-dimensional 
criterion variable (factor scores and factor loadings), one of these 
two constructs (factor scores) may be further analyzed with respect 
to change properties. This implies a two-level analysis of change 
properties for a complex multi-dimensional criterion variable, where 
the paradigm is: deep change property of a factor > surface change 
property of a complex multi-dimensional criterion variable > observed 
change (or no change) on manifest score of complex multi-dimensional 
criterion variable. 

Further comment is necessary regarding the rationale of the 
two-level analysis of change properties. While it could be argued 
that any given salient variable could also be considered ‘extra’ in any 
particular factor analysis, and therefore lead to an infinite regress, 
this problem is avoided by the following assumptions and decision 


criteria. First, it is assumed that the salient variables defining a 
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20 
factor are arrived at via representative sampling of a particular domain 
(e.g., ability, temperament, motivation). Cattel1l's (1957) concept of 
personality sphere is critical here, where one theoretically samples 
from the sum total of behaviors for each of the ability, temperament, 
and motivational domains in arriving at a more basic set of source 
factors. A salient variable, according to this view, would be relatively 
specific and confined to a single domain. Second, it is important to 
keep in mind that the variables which are ‘extra' the original factor 
analysis are assumed to be complex criterion performance variables 
which usually span more than one domain. Given these two assumptions, 
it would not make conceptual sense to include such cross-domain 
criterion performance variables in the basic factor-analyses which 
are focused on identifying the primitive source constructs within each 
domain. Similarly, to consider a particular highly salient variable as 
‘extra’ the original factor analyses (as defined above), would not be in 
keeping with the logic developed here, tnat is, using factor analysis to 
identify the within domain source factors (in terms of relatively 
specific salient variables), and then using such factors in multiple 
regression and correlation procedures for specifying individual dif- 
ferences in more complex criterion performance variables. 

Figure 3 sets out the somewhat complex totality of logical 
combinations of this two-level analysis, where the four change properties 
characterizing factors interact with (i.e., are coupled with) the four 
change properties characterizing complex multi-dimensional criterion 
variables, thus resulting in a 4X4 matrix. To simplify matters, it will 
be advantageous to assume that the change properties characterizing each 


of the F's in a given Equation [1] are identical. This point will 
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receive further consideration in a subsequent section. 

Each of the cells of the matrix in Figure 3 are indexed by one 
of three general properties, where s indicates stability, i - impossible, 
and c - change. For example, consider that case where the salient 
variable scores and loadings defining a factor as in Equation [6] are 
constant across occasions, (which implies constant Fes in Equation sl lis 
as well as constant factor loadings in Equation [1]. The property of 
this situation (a*A) may be characterized as stability (s). Two of the 
cells in Figure 3 are impossible. In considering the second cell of the 
First row, it would be impossible to have quantitative change for a 
complex multi-dimensional criterion variable (changes in F's) if the 
salient variable scores and loadings specifying the factor scores (F's) 
themselves are constant across occasions. By a similar argument, the 
fourth cell in the first row would be impossible. One may question 
the possibility of the second, third, and fourth cell of the first 
column, where each of these is characterized by having stable factor 
scores and loadings specifying performance on a complex multi-dimensional 
criterion variable, and yet have various changes in the salient variable 
scores and loadings defining the factors. The validity of these three 
cases follows from the observation that Equation [6], which defines a 
factor, is also compensatory in nature, and it is logically possible 
(though perhaps improbable) that changes in either salient variable 
scores, loadings, or both, will still yield identical manifest factor 
scores across occasions. 

It can be noted in passing at this point that the change 
properties indicated in Figure 3 would not apply if both the mul ti- 


dimensional variable and the factor as set out in Equations [1] and [6] 
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respectively are considered within the same factor analysis. This 
follows, since the b's in Equation [1] cannot change without the w's 

in Equation [6] changing, given that the salient variables are a subset 
of the multi-dimensional variables. In this situation, additional cells 
in Figure 3 would be impossible, namely, the third cell in row one, the 
third and fourth cell in row two, and the first and second cell in each 
of rows three and four. This situation, however, is tangential to the 
main thrust of this chapter, and will not be further considered. 

Table 1 sets out the total number of logical pairings of 
change properties of factors and complex muiti-dimensional criterion 
variables with their verbal designations, and may serve as a useful 
reference source during subsequent discussions. Thus it can be seen 
that only aA can be designated by the term "stability", since each of 
the change property modifiers are "stable". The 13 possible change 
paradigms are designated "change", which is modified by a deep source 
change property for factor scores (a,b,c, or d) and a more surface 
change property for the multi-dimensional variable (A,B,C, or D. In 
addition to the 'pure' case of a*A, there are three other cases of this 
type, that is, beB, c>C, and dD, which would seem to present little 
difficulty of interpretation. Each of these three ‘pure’ cases of 
change involve a deep source change property (quantitative, structural, 
and quantistructural respectively) that leads to an identical surface 
change property, such that there is a uniform type of change property 
that pervades the entire change process. 

A selective consideration of some of the more complex change 
paradigms may serve to highlight some additional issues. The c>B 


case, or structural quantitative change, implies that surface 
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quantitative change may be characterized at a deeper level in the change 
process by structural change. Opposed to this position would be a type 
of reductionistic stance that would state that, since the deeper sources 
themselves undergo structural (qualitative) change, this necessitates 
that what may appear to be quantitative change at the surface level is 
really structural (qualitative) in nature. Such a position, however, 
would seem to forfeit the finer discriminations of the total change 
process that are possible within the present conceptual framework. 

Also, in considering a similar argument against the b>C case or 
quantitative structural change, it seems that it would not make con- 
ceptual sense to reduce this type of change to simply quantitative 
change given that structural change occurs at the more surface level. 
Thus, it would seem advantageous to retain a two-level analysis of the 
types of change possible in a multi-dimensional variable that is 
specified by various source factors. 

It may be helpful to consider at this point some examples of 
the change paradigms in Table 1. To simplify matters, consider only one 
personality factor such as dominance and a complex multi-dimensional 
criterion variable such as job or school performance. The c»B case or 
structural quantitative change implies that the dominance factor has 
undergone structural change (e.g. from overt aggression to socially 
acceptable assertiveness). This will result in change on the manifest 
factor score due to a 'redefinition' of the dominance factor. Perfor- 
mance on a somewhat complex criterion variabie is now specified by the 
same amount of dominance (invariant factor loading) although the 
individual's factor score has changed in level due to a change in the 


intrinsic components defining this factor. A simiiar account can be 
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26 
given for the various other change paradigms. In considering ability 
factors, in Chapter 4 a model will be presented which is thought to 
provide the theoretical underpinnings for structural change in factors 
on the basis of different types of learning stages an individual 
progresses through during ontogeny. In this way, one would have 
quantitative change in factors within a particular learning stage and 
structural and/or quantistructural change between learning stages, 
where the learning stages are identified with Gagne's (1965) seven types 
of learning (simple S-R to complex problem solving). Change on a 
complex multi-dimensional criterion yariable then, may involve changes 
in either or both factor scores and factor loadings, where the factors 
themselves may or may not have undergone quantitative, structural, or 
quantistructural change with respect to their defining salient variables. 

In considering the change properties of both complex multi- 
dimensional criterion variables and factors, nothing has been said thus 
far as to the time-span between the occasions used for assessing change. 
The types of change paradigms possible for short term as opposed to 
long term time-spans are not identical. In making this further dis- 
tinction, it will be advantageous to co-consider trait and state factors, 
Since these two types of factors have been cast by some (Baltes & 
Nesselroade, 1973; Nesselroade & Bartsch, 1973) within the framework 
being considered. 

Traits, States, and Short Versus Long Term Time-Spans 

The distinction between trait and state factors has been made 
by Cattell (1957, 1966b). Traits are considered to be relatively 
stable dispositional constructs that are trans-situational, that is, 


they make their appearance in a variety of situations at a fairly 
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stable level. Cattell has considered extensively three different kinds 
of traits according to modality, that is, ability, temperament, and 
dynamic traits. This tripartite view of traits has been in the liter- 
ature for some time, and has been referred to outside the factor frame- 
work as cognition, affection and conation respectively, or in more 
recent times, thinking, emotion, and motivation (Horn, 1966). States 
may be contrasted with traits in that the former are characterized by 
being reversible, subject to more rapid changes in level, and modify 

a different pattern of variables, perhaps even cutting across traits 
(Cattell, 1966b). State factors typically refer to such things as moods, 
mental sets, roles, etc. A distinction similar to the trait-state 

one has also been made by Rozeboom (1965), although his terminology is 
somewhat different. 

Most important in the present context is the distinction 
between trait and state factors that Baltes and Nesselroade (1973) and 
Nesselroade and Bartsch (1973) have made within the four fold classifica- 
tion scheme generated from considering change or stability for each of 
factor scores and factor loadings. Without misrepresenting this view, 
it will be advantageous to consider it in terms of Equation [6] and 
Figure 2, and change or stability for salient variable scores and 
loadings. This is deemed necessary, since in the present scheme, 
factor scores and loadings were considered for that situation where the 
multi-dimensional variable was ‘extra' the original factor analysis. 

In terms of Figure 2 then, these investigators consider a trait factor 
as represented by call a (stable salient variable scores and loadings ) 
and a state factor by cell b (fluctuant salient variable scores and 


stable salient variable loadings). The rationale for this characterization 
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is that both trait and state factors must have some degree of stability 
in terms of the salient variables that define their intrinsic nature 
(the loadings), while a further necessary condition for traits, which 
have relatively stable levels within persons, must include stable 
salient variable scores. The latter condition does not hold for states, 
since they are characterized by fluctuant factor scores within persons 
and therefore have fluctuant salient variable scores. 

The above distinction for trait and state factors is most 
valuable, but further comment is necessary regarding the generality of 
this representation. An important point to note here is that this 
scheme will hold for only relatively short term time-spans between 
occasions, since there is considerable evidence that over relatively 
long term time-spans, trait factors from the abiiities domain, for 
example, change in level (for reviews see Cattell, 1971, and Horn, 
1970), as well as in terms of their basic nature or salient variable 
loadings (for reviews see Anastasi, 1958, 1970, and Reinert, 1970). 
The latter list of references refer to that issue of ability factor 
differentiation over the life-span, where changes in the number of 
dimensions as well as loading patterns necessitate that the nature of 
factors undergo structural change. It should be noted in passing that 
recent discussions of the differentiation hypothesis (e.g, Anastasi, 
1958; Reinert, 1970) have pointed out the serious methodological 
problems involved in detecting genuine age-related differentiation of 
ability factors. Although there is as yet no empirical evidence for 
changes in the nature of state factors over the life-span, such a 


possibility seems reasonable to entertain. 
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In considering the total change situation for a complex 

multi-dimensional criterion variable within the context of relatively 
short term time-spans, it becomes apparent that only a limited number 
of change paradigms from Table 1 are permissible to the extent one is 
considering trait and/or state factors as these have been characterized 
by Baltes and Nesselroade (1973) and Nesselroade and Bartsch (1973). 
It should be appreciated that this question may be answered a priori 
or on logical rather than on empirical grounds given the definitions 
of trait and state factors. Consider first then, that situation where 
a complex multi-dimensional criterion variable is specified by factors 
that are all traits. Since traits are characterized by cell a across 
occasions, only four change paradigms may be considered, namely, 
avA, arB, a>C, and a>D. Since the second and fourth change paradigms 
are impossible, and the first is actually stability, this leaves only 
the third change paradigm that may occur over relatively short term 
time-spans between occasions when all the factors specifying a complex 
multi-dimensional criterion variable are traits. If all the factors 
are states rather than traits, this implies that one is restricted to 
the following subset of change paradigms; b>A, b>B, beC, and b-D. 
To the extent that both trait and state factors are involved in specifying 
performance on a complex multi-dimenstonal criterion variable, one will 
have a totality of five change paradigms available plus the possibility 
of stability. In considering that situation where both trait and state 
factors co-exist in a given specification equation, it becomes apparent 
that this will preclude the possibility of a Single change paradigm 
applying uniformly. That is to say, while the surface change property 


will apply to the entire specification equation (A, B, C, or D), change 
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properties of deeper sources for change (a, b, c, or d) will apply 
individually to each factor in Equation [1]. This is not to say, 
however, that there would be no situations where a single change 
paradigm would characterize the entire two-level change process, and 
such possible cases may include that situation where ability factors 
specify performance on a complex multi-dimensional criterion variable 
and are all in the same learning stage (Buss, 1973b). In this situation, 
it is possible that all the factors undergo quantitative change if 
occasion Oy and occasion QO, are within the same learning stage, or 
structural or quantistructural change if the occasions span more than one 
learning stage. Regardless of whether a single or several change 
paradigms apply to a particular specification equation over relatively 
Short term time-spans between occasions, the trait-state distinction 
implies that the deeper source change properties in such situations 
must be either stability (a) or quantitative change (b). 

In considering relatively long term time-spans between 
occasions, since the possibility has already been noted that both traits 
and states may change in their basic nature as well as in their level 
over the life-span, one may add to the previous a and b cases for trait 
and state factors respectively, cases c and d. Since both the c and 
d cases apply to both trait and state factors when considered over 
relatively long term time-spans between occasions, it is not necessary 
to discriminate between these two types of factors for the purposes of 
outlining the possible types of change in this situation. 

Although any of the previous change paradigms applicable to 
relatively short term time-spans between occasions would also be 


possible for relatively long term time-spans, in the latter situation 
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one would expect a preponderance of c and d cases for deeper source 
change properties. (Incidentally, this question would be answered on 
empirical rather than on logical grounds.) That is to say, in con- 
sidering life-span changes in performance on complex multi-dimensional 
criterion variables, the factors will themselves undergo structural (c) 
as well as quantistructural (d) change. In any case, the entire 
armament of possible change paradigms in Table 1 is available in con- 
sidering relatively long term time-spans between occasions. This model 
may be made more general by considering m occasions (thus yielding 
m-1 two-level change paradigms), where there may be a relatively short 
or long interoccasion interlude for specifying relatively short versus 
relatively long term time-spans respectively. 

Hierarchical Factor Models and Change 

A second situation in which it may be profitable to apply a 
two-level analysis of change involves a consideration of hierarchical 
factor models, where one maps out a hierarchical structure of a given 
domain by factoring the primary or first-order factors to yield more 
general second-order factors. Higher-order factor analysis has been 
typically carried out for traits within the ability, temperament, and 
motivation domain. Within the Cattellian framework, higher-order 
factors are viewed as more general sources producing individual dif- 
ferences in the primary traits, or, as Royce (1963) notes, are embedded 
deeper within a nomological net and thus are potentially broad 
explanatory theoretical constructs. This view may be characterized by 
considering the factor f in Equation [6] as being defined by higher- 
order factor loadings and factor scores rather than by the salient 


variable loadings and scores. That is, within a hierarchical factor 
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model, one may view the higher-order factors as sources producing 
individual differences in the primary factors, which in turn are 
sources producing individual differences in the variables. 

In the present context, the model expressed in Equation [1] 
may be viewed as either specifying a complex multi-dimensional variable 
that is 'extra' the original factor analysis, or a more narrow multi- 
dimensional variable that is part of the original factor analysis. 

By a similar argument as before, a two-level analysis of change is 
possible, where the more surface change property is modified by a more 
deeper change property. Table 1 may again be viewed in terms of setting 
out the change properties of a factor score and a multi-dimensional 
variable, where individual differences in the former are now specified 
in terms of higher-order factors, and the latter may or may not be 
'extra' the original factor analysis. The general case would involve 
n-order factors (and thus n change properties characterizing a given 
two-occasion change), and m occasions (and thus m-1 sequential sets of 
n change properties ). 

Having set out the general framework for viewing changes in 
factor scores and factor loadings over the life-span, the next two 
chapters will focus upon the topic of learning as it relates to such 
changes. In Chapter 3, both changes in factor scores and factor load- 
ings in ability factors are considered within the context of learning, 
and are seen to provide the theoretical underpinnings for the process 
of transfer. Complementing the somewhat formal model that is 
developed there, Chapter 4 considers substantive learning theory, or 
more specifically, basic learning principles as they relate to changes 


in factor scores and factor loadings. 
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CHAPTER 3 


LEARNING, TRANSFER, AND CHANGES 
IN ABILITY FACTORS: A MULTIVARIATE MODEL@ 

That there is a need for an adequate theoretical integration 
of the topics of human abilities and learning has been noted by several 
prominent leaders in the field. Jensen (1967, p. 131) has stated that 
"one of the major tasks of differential and experimental psychology is 
the theoretical integration of individual differences in learning and 
the structure of mental abilities as represented by tests like the 
Primary Mental Abilities." Eysenck (1967, p. 87) makes a similar plea 
when he advocates "that we should take seriously the theory relating the 
concept of ‘intelligence' to learning efficiency and speed ... it seems 
reasonable to expect that such investigations are more likely to help 
in the elucidation of the nature of intellectual functioning than is the 
continued construction of IQ tests of a kind that has not materially 
altered in fifty years." In the same year that these two statements 
appeared, Guilford (1967) came out with his important book, The Nature 
of Human Intelligence, which attempted to put the study of human 
abilities within the mainstream of general experimental and theoretical 
psychology. 

In considering the relationship of human abilities and learn- 
ing, there are three distinct aspects upon which one may focus. First, 
the role of already acquired abilities in the learning of a specific 
task may be examined. This problem has been extensively studied by 


Fleishman (1954, 1967) and Fleishman and Hempel (1955) who have carried 


en version of this chapter appeared in Buss (1973b). 
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out certain aspects of Ferguson's (1954, 1956) theorizing. This line of 
research involves the mapping out of task demands in terms of the 
sequential changing role of various ability factors. The assumption 
made here is that ability factors are relatively stable organismic 
variables that are called into play in varying amounts during the 
acquisition of a specific skill. Throughout the training process, the 
organismic variable that is assumed to change is the specific skill 
rather than or including the ability factor scores. Corballis (1965) 
has questioned this assumption and argues for an alternate interpreta- 
tion of Fleishman's results, namely, that the factor loadings 
remain constant throughout the task and the factor scores are 
changing. This interpretation would be congenial with Rozeboom's (1971) 
recent change model. However, the possibility remains that both the 
factor loadings and factor scores are changing, a possibility which is 
examined below. It should be noted that Fleishman's paradigm has 
recently been applied to concept learning (Dunham, Guilford, and 
Hoepfer, 1966) and verbal tasks (Fredricksen, 1969). The latter study 
makes use of the notion of cognitive strategies as accounting for transfer 
effects, since the implementation of a given cognitive strategy across 
several tasks facilitates performance on later occurring tasks which 
makes use of this same cognitive strategy. 

A recent conceptual linking of abilities and learning has 
been completed by Merrifield (1966). What Merrifield did was to list 
Gagne's (1965) eight types of learning (from simple S-R to the more 
complex problem solving) and ‘plugged in' some of Guilford's (1967) 

120 structure of intellect factors where they would be expected to play 


some role. This synthesis of human abilities and learning is a crude 
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first approximation that is of the same formal type as Fleishman's 
experimental efforts, namely, the role of already acquired abilities in 
a learning situation. 

A second consideration of the relationship of human abilities 
and learning revolves around the question of the role of jiearning in 
the acquisition of ability factors. Ferguson's (1954, 1956) transfer 
model was one of the earliest formulations of this problem and receives 
further examination below. Briefly, it was his contention that an 
ability factor reaches its asymptote and achieves stability through 
overlearning. The asymptote for a particular individual at a particu- 
lar point in time is set by heredity and maturation. It is the learning 
of specific acquisitions which transfer and thus provide for a relatively 
broad ability factor. Intellectual development viewed as cumulative 
learning has received attention from Gagne (1965, 1968a, 1968b), Hunt 
(1961), and Stinchcombe (1969). Gagne's formulation is potentially 
the most analytic in that he provides for different types of learning 
(simple to complex) as well as putting to work such notions as transfer 
learning, hierarchies, and "complex and interacting structures of 
learned capabilities [Gagne, 1968a, p. 190]." Valuable gains may be in 
store if one were to rework Gagne's model in terms of ability factors. 

A formulation similar to Gagne's, yet going beyond it in 
terms of relating learning to the growth of an ability factor, has been 
advanced by Whiteman (1964). In this paper, ability factors, Harlow's 
learning sets, and Piaget's operations are systematically compared and 
similarities noted in terms of their intersituational consistency and 
hierarchical organization. Implications for enrichment (learning) 


procedures are discussed in terms of this tripartite view of intelligence. 
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In a similar vein, Goulet (1970) has attempted to integrate various 
developmental models with respect to the training of transfer. Most 
relevant here is that after noting both specific (associative) and 
nonspecific (nonassociative) sources of transfer, the Piagetian train- 
ing research is reviewed and interpreted in terms of Harlow's learning 
sets. Since a learning set is considered as a nonspecific source of 
transfer, Piagetian operations are considered to be broad, trainable, 
intellectual tools. The trainability of Piagetian operations is 
generally accepted, although the degree to which nonspecific transfer 
occurs has not yet been settled (Brainerd and Allen, 1971; Butcher, 
1968; Hunt, 1969). To the extent that Whiteman (1964) is correct in 
stressing the conceptual similarities of a factor, Piagetian operation, 
and learning set, then the possibility of training ability factors is a 
reasonable hypothesis to entertain. Indeed, direct evidence of the 
trainability of ability factors is beginning to emerge. Guilford (1967) 
has reviewed quite extensively the positive findings regarding the 
training of divergent factors. Also supporting the trainability of 
ability factors within the Guilford model is a study by Jacobs and 
Vandeventer (1972). In a review of this area, Ferguson (1965) cites 
the work of one of his students (Sullivan, 1964) which supports the 
trainability or transfer interpretation of abilities. Al] this 
evidence would seem to cast doubt on Fleishman's assumption that 
ability factor scores remain invariant during practise on a task which 
involves these same factors. To the extent that Fleishman has typically 
employed young adults in his research, where ability factors are at 
or near their life-span asymptote, he has some defence of his position, 


although a model which allows for the possibility of both changes in 
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factor scores and factor loadings would more adequately resolve this 
issue. 

The third consideration of the relationship between human 
abilities and learning concerns the effects of learning on the organ- 
ization of ability factors (inter-factor relationships). This important 
problem will only be briefly mentioned for the sake of completeness 
Since it is not of direct concern to this chapter. Ferguson (1954, 
1956) has interpreted the positive manifold of ability factors as 
resulting from the transfer process. The early differentiation hypo- 
thesis (Burt, 1919, 1954; Garrett, 1938, 1946) of the ontogenetic 
organization of factors was interpreted in terms of maturation. 
Recently, cultural-learning considerations regarding the ontogenetic 
organization of ability factors has received attention (Anastasi, 1970; 
Cattell, 1971; Horn, 1968; Vernon, 1969). The general issue of changes 
in the organization of ability factors over the life-span is considered 
in detail in Chapter 5. 

The present chapter is concerned with the development of a 
change model for ability factors that accommodates both the role of 
ability factors in learning a specific task and the role of learning 
in the acquisition of a factor. After discussing in general terms the 
relationship of learning, transfer, change, and ability factors, as 
construed within the factor analytic model, a change model for learning 
affecting ability factor scores is presented. This change model will 
provide for a re-examination of Ferguson's transfer model and will lead 
to a more complete theoretical statement as to the nature of trans- 
fer. Since the learning of a specific task is defined below in terms 


of relevant ability factors, and changes in the factor scores of these 
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ability factors brought about through learning the task are permitted, 
it can be appreciated that it is the first two types of relationships 
between learning and ability factors as outlined above that are of 
present concern. 
Factors, Transfer, and Learning 

It is possible to conceptualize within a factor analytic 
framework both the process of transfer and changes in ability factors 
brought about through learning a specific task. Consider Equation [1] 
as specifying a learning task x performance score rather than a test 
variable score. If one identifies performance on task x as occurring 
on occasion 0,, and there is a learning situation where practice on a 
different task y occurs on occasion Ons it is possible to specify the 
performance on task y on occasion O55 by a similar equation, namely: 

yi * Pyoai * Prefs * +++ PynEk x 

where lige GHIA to the stancardized performance score of individual i 
on task y after practice on both task x and task y. One can then define 
transfer as the difference in performance on task y as a consequence of 
practice on task x as opposed to no practice on task x. The asterisk 
(*) in [6] indicates values that would normally be different from [1]. 
Besides the obvious differences in task performance score, there are 
two possible types of change in structure: (a) change in cognitive 
structure (the factor scores); and (b) change in task structure (the 
factor loadings). Related to this view is Cattell's (1971) attempt to 
formalize changes in factor scores, factor loadings, and modulated 
motivational traits in a structured learning model. These three types 
of change are represented by his three vector change model, in which a 
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learning change from occasion 0, to occasion o, is translated into 
three vectors respectively, capturing the component changes which define 
that which occurs on left side of the specification equation. 

The amount of transfer which takes place from task x to task 
y is considered to be intimately related to the above types of change 
in structure. If practice on task x results in changes for an individual 
on certain ability factor scores which are involved in task y, then per- 
formance on task y will be in part a consequence of such changes 
(transfer). The more similar task x is to task y, the greater the 
transfer effects. If task x is identical to task y in terms of task 
structure, then transfer in this case reduces to learning one task. 

In considering changes in ability factor scores (cognitive 
structure) that are brought about through learning a specific task, 
it is necessary to define learning within the framework of ability 
factors as opposed to behavioral responses. Accordingly, learning will 
be defined in terms of reiatively permanent changes in ability factor 
scores (Royce, 1973a). There are several points to be made concerning 
this view. First, there is no intention to restrict all of learning 
to changes in ability factors instead of behavior. Thus the learning 
of much incidental material (e.g. paired associate learning) will not 
be interpretable within the present context. This brings us to the 
important point that in considering the relationship of learning and 
ability factors, the present focus is specifically upon ability learning 
(or the learning of abilities) rather than defining any instance of 
learning as changes in ability factor scores. A second point to note 
is that learning is defined here in terms of relatively permanent 


changes in ability factor scores or traits rather than states. Since 
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state factors are subject to greater fluctuation than trait factors, the 
former may be considered as intimately associated with performance 
rather than learning. Thus state factor scores such as moods will affect 
performance, but if learning occurs, this will be reflected in terms of 
changes in trait factors. 

A third point to note here concerns the ontological status 
of the concept "factor". As mentioned in the previous chapter, the 
position taken here is that ability factors are useful theoretical 
constructs rather than simply being a useful method for data reduction, 
or principles of classification or description. Justification for the 
former view has been made on the basis of rotating factors according to 
some criteria (e.g. simple structure) such that they may be meaningfully 
interpreted, as well as the possibility of establishing some degree of 
factor invariance across either persons, variables, time, or some 
combination. Henrysson (1957), as well as Rozeboom (1966), have iden- 
tified factors extracted from common variance as hypothetical constructs 
with inferential power, while principle component factors derived from 
the total variance are thought to represent intervening variables. Both 
hypothetical constructs and intervening variables have been discussed by 
MacCorquodale and Meehi (1948) and Rozeboom (1956). The former are 
characterized by having "surplus meaning" and some generalizability, 
while the latter are simply a short hand description of the immediate 
data. It would strengthen Henrysson's argument for factors as hypo- 
thetical constructs by adding that in the common factor case, there 
should also be representative sampling of the variables in the particular 
domain of inquiry, a point made by Cattell (1957) in that one should 


ideally sample from all of the variables which represent a particular 
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4] 
aspect of the "personality sphere". 


The more conservative British position in regard to the status 
of factors has been characterized by exalting on the dangers of “reifying" 
factors. As Coan (1964) has noted in a comprehensive treatment of this 
issue, those that consider factors as theoretical constructs (e.g. 
traits, attributes, hypothetical constructs, dispositional constructs) 
never meant by this that they were "real" in the sense that they were 
"things" that could be located in space and had an existence apart from 
the behavior in which they were expressed (reification). They were 
considered "real" in the sense that they are psychologically real, 
i.e., abstractions from behavior. This brings us to the third point 
concerning learning and changes in ability factors. The learning 
concept "habit" may be considered as a hypothetical construct and as 
dispositional in nature. Inferences concerning such theoretical con- 
structs in terms of learning (e.g. strengthening) are of course made on 
the basis of a data base (behavior). Similarly, given the view that 
an ability factor is a hypothetical construct (Henrysson, 1957) and 
dispositional in nature, it seems quite legitimate to consider that 
learning may affect such a construct as inferred from changes in 
behavior (performance on ability tests), where the changes are a result 
of experience or practice. The fourth point to be made here concerns 
a somewhat finer conceptual matter. Rozeboom (1965) has correctly 
noted that learning involves a change in relatively permanent disposi- 


3 
tional or trans-situational variables rather than behavior per se, 


3Rozeboom uses the terminology state vs. process variables. A state 
variable is relatively permanent as compared to the short-term process 
variable. 
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since'a little reflection will reveal that behavior is usually never 
relatively permanent and varies from moment to moment as a function of 
conditions in and out of the organism. This observation leads to con- 
sidering relatively permanent properties of an organism brought about 
by changes in ability factors (as a consequence of experience or prac- 
tice), as that which is meant by ime” 

Finally, it should be noted that in adopting the view of 
changes in ability factors as that which is meant by learning, it 
becomes necessary to reconsider how an ability factor may be viewed as 
being strengthened as this concept is applied to say habits. When a 
habit such as bar pressing becomes strengthened, this means that under 
appropriate stimulus conditions bar pressing behavior increases in 
frequency, has a high probability of occurrence, has a low latency, 
is resistant to extinction, etc. Whatever measure is used for 
inferring the strength of the habit bar pressing, one thing remains 
constant, i.e., the behavioral response which provides for inferring 
the underlying habit. When one considers the effects of learning on 
abilities, it is clear that changes in the scores of the underlying 
constructs provide for different forms of behavior; e.g., increases 
in the ability numerical reasoning do not merely strengthen early 
behavior, but allow for higher level cognitive tools to be brought to 


bear on a problem. It is thus possible to conceptualize an ability 


* Throughout this discussion, I am dealing with learning effecting the 
growth of an ability factor. Recognition is hereby given to the limits 
which an ability factor can reach as determined by individual dif- | 
ferences in genetic endowment. However, the latter important determining 
influence still leaves open the nature of the learning process whereby 
that inherent limit is reached. 
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factor as being strengthened in two distinct ways. First, where there 
is no change occurring in the level of an ability factor, the underlying 
construct may be strengthened according to such criteria as response 
frequency, latency, probability, and resistance to extinction. In this 
case, the behavioral response under consideration remains the same and 
is analogous to strengthening a habit. The second manner in which an 
ability may be considered to be strengthened is when the potential level 
of the ability is yet to be realized and learning mediates changes in 
the factor score. What is being strengthened in this case is the under- 
lying potential level of the ability. Different forms of behavior that 
can be evaluated along the dimension high-low or good-bad performance 
(which is not possible, say, in the personality domain) allow for 
inferring changes in the underlying ability. When these changes are in 
the direction of closing the gap between present performance level and 
potential performance level, it is appropriate to speak of strengthen- 
ing the potential performance level as opposed to strengthening the 
present performance level. When learning mediates changes in abilities 
that result in a lower level of performance, this may be viewed as a 
weakening of both potential performance level and the previous present 
performance level, but of strengthening the now present (lower) per- 
formance level. 
Learning and Changes in Cognitive Structure 

Consider now a situation where there is a change in ability 
factor scores from occasion 0, to occasion 0, as a result of practice 
on task x, i.e., quantitative change as represented by Equation [3] 
in Chapter 2. In matrix notation, Equation [3] may be expressed as 


follows: 
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Pei ket St [7] 


where Z is the n variable by N person score matrix, A the n variable by 
k factor factor pattern matrix, F the k factor by N person factor 
score matrix, and the asterisk indicates a matrix at a latter occasion. 


Let us now define a k factor by N person T matrix as the matrix of 


total change scores in factors, i.e. 
Th Sh Fein +E [8] 


Consider now the possibility of decomposing each total change score from 
matrix T into two distinct components. It will be advantageous to 
consider first the simple case where only ability factor a is operative 
in practice on a task x and a universe of discourse consisting of factors 


a,B, and y. The two distinct types of change in ability factors are 


primary change (4,) on the operative factor a and secondary change (A.) 


on the nonoperative factors B and y. The latter type of change may be 
thought of as changes in nonoperative factors that are brought about by 
generalization effects of primary change in the operative factor. Such 
generalization effects may be specified by a multiplicative function of 
the psychological structural similarity coefficient (p) of the operative 
and nonoperative factors, and the primary change of the operative factor 
(pA,). Figure 4 illustrates these relationships where the nonoperative 
factors 6 and y have different p coefficients with the operative factor 
a. For example, performance on task x may involve only the ability 
factor spatial relations (factor a) and not reasoning (factor 8) or 
perceptual speed (factor y). If after practice on task x an increase 


in the spatial relations factor occurs, one may expect that there will 
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be generalization effects such that there will be minor changes in the 
nonoperative reasoning and perceptual speed factors. The latter 
secondary changes will be a function of the primary change on spatial 
relations as well as the psychological similarity of reasoning and per- 
ceptual speed to spatial relations. © 

In considering the more general case for k factors, where some 
may be operative and some nonoperative, the total change (A, ) for any 
factor will be equal to the primary plus the various secondany change 
components 7.e. 

Ae = Ay + A, | [9] 
where for nonoperative factors the primary change component (,) would 
drop out. The primary change for any factor may be actually considered 
as a special case of secondary change, i.e., the p coefficient for that 
factor with itself (which equals unity) matched multiplicatively with 
the primary change for that factor. This formal property allows one to 


express [9] much more cogently in matrix notation i.e. 


Te=Sre [10] 


where T is the matrix of total change scores for k factors and N 
individuals, P is the matrix of psychological structural similarity 
coefficients (weights) for k factors and is symmetric with unities in 
the diagonal, and C is the matrix of primary change scores for k 
factors and N individuals. What [10] sets out is the basis for a 
general multivariate change model that provides for teasing out the 
primary and/or secondary changes on ability factors in a learning 


situation. As Figure 4 reveals, changes in factor scores increase 
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as a function of practice” until an asymptote is reached. Change 
functions for each ability factor could theoretically be established 
for various tasks. 

Further comment on the psychological structural similarity 
coefficients from the P matrix is in order. The p coefficients are 
viewec as invariant parameters not subject to changes brought about by 
changes in score distributions. This is one feature which distinguishes 
the p coefficient from the correlation coefficient. A correlation between 
two traits can be brought about by sources other than the psychological 
Structural similarity aspects (Anastasi, 1970; Thompson, 1957, 1966; 
Tryon, 1935) although Tryon (1935) considered the similarity of 
psychological components source as the most potent in producing cor- 
relations between variables. To the extent which this is the case one 
may use correlations as given in an Raq matrix of interfactor correla- 
tions as crude approximations of the p coefficients if an additional 
precautionary measure is taken, namely, obtaining estimates of 
correlations as relatively invariant population parameters by the use of 


averaging techniques (Guilford, 1965). This procedure will allow for 


Throughout the development of this paper, practice is construed as 
occurring across occasions, 1.€., 0, +0, +... +0. Trials t,-t, 


are collinear with occasions 0,-0,. Although the word ‘trial' usually 


connotes rather short intervals between occasions (i.e., a typical exper- 
imental laboratory task), this terminology is intended to be much broader 
in conception. In other words, since no restriction is placed on the 
time interval between trials or occasions, the model being developed here 
is applicable and interpretable from the standpoint of experiences 
through the life-span (i.e. learning and development). A similar argu- 
ment can be made for the length of a trial, i.e. ranging from a few 
seconds or minutes in the laboratory to a fairly Jong complex life 
experience. 
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estimating the primary change scores by: 


yn 


Set laf [11] 


which follows from [10]. In this way one may generate both primary and 
secondary changes since, besides the estimates of the p coefficients, one 
would also have the total change scores. 

The three types of change encountered above must be concep- 
tually distinguished since they are not al] of the same logical type. 
Total change is that change which is manifested empirically. It is at 
the terminal end of the change process. Primary and secondary change 
lie casually deeper in the change process and must be inferred from 
considerations other than simply measuring terminal change, since the 
latter is identified with total change. Although primary and 
secondary change are conceptualiy distinct, as indicated above, they 
may be regarded as being of the same formal type (secondary change), 
since primary change shares the important property of secondary change 
of having a psychological structural similarity coefficient, which is 
defined in this case for a given factor f with respect to itself. 

In concluding this section, it can be noted that the change 
model for ability factors that has been developed here makes no commit- 
ment to a particular learning theory. Such substantive considerations 
are developed in the next chapter. 

Transfer and Changes in Cognitive and Task Structure 

This section will examine the process of transfer from task x 
to task y by making use of the preceding model. Transfer occurs when 
practice on task x has an effect on the performance of task y. One of 


the earliest attempts to provide a model which ties human ability 
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factors to the process of transfer was that of Ferguson (1954, 1956). 
The position taken here is that the basis for the process of transfer 
from task x to task y resides in part in changes in ability factor scores 
as a result of practice on task x. In considering Ferguson's transfer 
model, it will be seen that it needs to be extended somewhat in order 
that one may become more analytic as to how transfer occurs as a result 
of changes in ability factor scores. The model states that performance 
on task y is some unspecified function of performance on another task x 
and the amount of practice on the two tasks (tot) j.e. y = o(x.t,t.). 
In the case where practice is defined in terms of performance, then the 
transfer model simplifies to y = (x), i.e. performance on task y is 
some unspecified function of performance on task x. An ability is 
conceived here as evolving out of differential transfer situations and 
reaches a crude stability of invariance through overiearning. Thus 
individual differences in abilities reflect a crude limit of perfor- 
mance reached by overlearning. The positive correlations between human 
abilities are also explained by alluding to the process of transfer. 
Transfer is thus construed as providing the basis for the establishment 
of a general factor, since reciprocal influences among primary factors 
allow for higher order factors to evolve from jower order structures. 
However, as Whiteman (1964) has noted, this process is complicated 
since generalization (higher order factors) may also occur because of 
lack of cognitive differentiation, which is the major tenet of the 
differentiation hypothesis (Burt, 1919, 1954; Garrett, 1938, 1946). 

It may be appreciated by now that Ferguson had a muiti-view 
of the process of transfer, in which the various meanings of this process 


were not adequately delineated or contrasted. Besides developing the 
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50 
notion that transfer occurs from task x to task y (the one and only view 
adopted in this chapter), Ferguson stated that transfer provides for the 
growth of ability factors, is the basis for positive correlations between 
abilities, and occurs from abilities to learning tasks. In considering 
the growth (changes) of ability factors, Ferguson does not specify how 
transfer yields an ability factor. An ability factor is said to emerge 
out of differential transfer situations. The exact nature of how this 
factor emerges is left unspecified. Transfer occurs from task to task. 
How exactly this relates to an ability factor is not indicated. In order 
to clarify and meet the objections being made above, it is necessary to 
conceptualize the growth of an ability factor as a result of practice 
on a task which leads to changes in the underlying factor. Practice on 
different tasks results in varying changes on different factors. The 
implication of this view is that transfer from task x to task y is 
mediated by the changes in factor scores that are brought about by 
practice on task x. The paradigm is as foliows: practice on task x > 
change in factor scores > transfer > practice on task y. 

It is now possible to obtain a clearer idea as to how transfer 
from task x to task y is effected by changes in the ability factor scores 
by applying the multivariate change model as expressed in [10]. Consider 
a situation where changes in ability factors are obtained at the end of 
performance on task x, and practice, and thus transfer to task y, is to 
take place. it then becomes apparent that the three types of changes in 
ability factors as a result of practice on task x form the basis for 
three corresponding types of transfer. Thus total change provides the 
basis for total transfer, primary change is the basis for primary 


transfer, and secondary change is the basis for secondary transfer. 
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It is important to bear in mind the scope as well as the 
restrictions of the transfer model that has been presented. In terms of 
scope, the above model provides for a general multivariate approach in 
mapping out changes in factor scores as a result of learning (practice 
on task x). The theoretical basis for the process of transfer from task 
x to task y has been established, namely, the separate factor score 
changes that provide for both primary and secondary transfer. This 
formulation allowed for a general model to get at the basis for total 
transfer after practice on task x. The development thus far has not 
commented on exactly how much transfer will occur from task x to task 
y. That is to say, the model above represents the basis for the maximum 
possible transfer effects as a result of practice on task x. How much 
transfer will occur from task x to task y depends upon: (a) the changes 
in factor scores as a result of practice on task x, and (b) the nature 
Ofetask Youle. ithe factor structure of task yin terms. of the factor 
pattern coefficients (task demands). The model developed thus far has 
been concerned with the first aspect of this question of possible 
transfer effects. The second aspect in considering the possible trans- 
fer effects, will be a function of the similarity of the factor structure 
of task x and task y. 

It is now desirable to derive a coefficient or index of the 
similarity of the factor structure for task x and task y based upon the 
factor pattern coefficients in order to determine the actual amount of 
transfer that will take place. Given the factor models specifying 
performance on task x and task y (equations [1] and [6]), a coefficient 


of the similarity of task structures can be obtained using Cattell's 


(1957) pattern similarity coefficient (r,)- As noted by Bolz (1972), 
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the Bye vastly superior to the correlation coefficient as well as 27 
additional similarity or distance measures that have been proposed if 
it is important to simultaneously consider the elevation, scatter, and 
shape of component measures. In evaluating the similarity of two task 
structures, it would be important to simultaneously consider the 
elevation, scatter, and shape. Of special significance of Foals that 
it has a value between +1 and Horn (1961) has worked out the distribu- 
tion allowing for evaluating its degree of significance. 

The introduction of the ty coe Callas ene has been preliminary to 
the aim of linking up the maximum possible transfer as determined by the 
two separate types of change in structure (cognitive and task) in going 
from practice on task x to practice on task y. It will be remembered 
that the maximum transfer possibie from task x to task y was considered a 
function of the total change in ability factor scores (primary plus 
secondary change) as a result of practice on task x, and the extent to 
which task x and task y had similar task factor structures (b loadings). 


This idea may be represented by 
transfer x+y = or_, 7 12 
y Yo [12] 


that is, transfer from task x to task y is some function > of the 
similarity of the task structures (,) as well as the total changes in 
ability factors resulting from practice on task x. In passing it can be 
noted that it may be desirable to differentially weight the factor scores 
in T, since those factors that are important for task y (i.e. high factor 
loadings) should be given greater weight than those not important (i.e. 


low factor loadings). 
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Equation [12] represents the effective transfer performance 
score from task x to task y for N individuals. The derivation of this 
model has allowed for an understanding of the complex nature of the 
transfer process to task y as a function of practice on task x. It 
may prove enlightening to offer a very simple explanation of the 
effective transfer performance score for transfer from task x to task 
y for individual i. It is simply the difference in performance on task 
y for individual i under two conditions: practice on task x and no 
practice on task x. 

Discussion 

The transfer model under consideration receives support from 
empirical findings that were reported from Heinonen (1962). He inves- 
tigated the question of whether practice on a marker task for a certain 
factor would have transfer effects to performance on marker tasks of two 
other factors. He hypothesized that transfer effects would be an inverse 
function of the angular separations in common factor space of the marker 
task vector on which training was received and the marker task vectors 
on which transfer was measured. In other words, since the correlation 
of two task vectors is inversely proportional to their angular separation, 
Heinonen was predicting that the greater the correlation of task x and 
task y, where task x is the practice task and task y is the task on 
which transfer occurs, the greater the transfer effects. The hypothesis 
was confirmed since the increase in mean performance for a task varied 
systematically with the angular separation of that task from the prac- 
tice task. Although this investigation does not directly test the notion 


of primary and secondary transfer effects having their basis in primary 


oe eee x9 feo Gademiiie ns-10% bawotfé: seit febom 
$1 Ax dest no sot$osiq Fo MoFgomT 5 26 y Azt oF 22a901g NBRANETS » 


ett Yo Hottanelqxe sidmte wav 6 yetto oF pirinsidnt ing svowy Bm ” 


j2ed OF x ast mov? Teo Wot svoI2 SonsmOT*Ed yoteneid svtaastts 
Jest We cdnemiotieg at donaiartth odd yfonte eb 31. Lb Taubtvrbn oh 
of baa x A28d nO soFiae%q :enofstbnos ows vobau tT foubivebt ot y 
x teed no softos1q 
nofsevserd . =t @ 

wort tHoqque zavisset pottevabfencs sbau fobom ystensy ant 
-cawik SH .(S8ET)> nenontsH mont bodiaqsy ovsw teddy 2enrbnrt Tsoriiqas 
aPs7¥ea 6 10? deed wWad1em & 10 sortoe7q roMtelw to Horseaup ats betspts 
ows ¥d alead veitem AO sonsmtetisq oF eso57%s Tetensi? sve Dfvow wOsosT 
sztovat Ne Sd Bluow etaatis wrenexs fond bostearsoqyr oH 2103 387 trlto 
yours SH 20 BdRq2 YOIIHT NoMMOD FT enol soxngse télupie SHY to nottonit 
21020e¥ A267 Vekvem Std bs boytsoo1 2ow prinrew 12 Friw. fio: FOFIRY tend 
no Sefer. afd sonte .2bvow 7ailio nl .bewesom zen vetensts ADEM Mo 
nofterbase Welugns wend ot fanotsiogow yloetevat 2f 210Taa¥ Need owt To 
bas: x feet Fo Hobebfeiws sit Wes%p 973 Jods pnt darbenwg 26w enon ts 
do Abst oft et y A2sd Wns Aeod sotionrq edd et x Aza snotw ey Bes 


eresdsbgen GAT  .2zoatts Wiensyt say v5s9% 9d ,24NI20 satenst fo bie 


botany dees 6 VOY Sons ag) hoot ni seagiont aid sont bemtieop 2ew 


~o6g BAS maT ABS TEND Fo MOInreqse velyens si3 Astw deed 


notson eit 2269 yisoothb ton eaoh Hoi teaiveavat acne fevordatA 
oan a om: uber 7 stnattg rstenend sia ral DTA 


rw 20, 


- 


54 


and secondary changes in factor scores, these results are not inconsis- 
tent with the complete transfer model developed in this paper. This 
investigation also provides evidence for the plausibility of using 
correlation coefficients as crude approximations of the psychological 
structural similarity coefficients. 

In considering the kind of data the transfer model would 
handle, in addition to the various factor score change components 
| during practice on a task x noted above, a second task y could be given 
to both the experimental and control groups where the experimental group 
receives practice on task x and the control group does not. The task 
structure for task x and task y may be previously determined using other 
Ss which are matched to the experimental and control groups according 
to the relevant ability and cognitive style factor scores since there 
is evidence that different cognitive strategies may alter the factorial 
composition of a task (French, 1965; Frederiksen, 1969). Given the 
appropriate task structure of task x and task y for matched experimental 
and control groups, it is then a simple matter to obtain difference 
scores for these groups for performance on task y. These difference 
scores for N experimental Ss may then be substituted into [12] and 
different » functions tried out to test the adequacy of the transfer 
model which takes into consideration both changes in factor scores 
and factor loadings. 

It is possible to conceptualize Fleishman's paradigm in terms 
of the above account of transfer. Since each trial in Fleishman's 
conception of a task calls into play a different task structure (Daas 
a given trial may be defined by an equation similar to [1]. Each of 


Fleishman's trials then become micro tasks and thus the change and 
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transfer model developed here makes Fleishman's one task design really a 
special case of a multi-task transfer design. In this way both changes 
in factor loadings and factor scores becomes conceptually possible. The 
difficulty that immediately presents itself however is obtaining 
estimates of changes in factor scores during the ongoing macro task or 
in present terms the sequential micro tasks. Interrupting the task at 
the end of each trial to obtain estimates of changes in factor scores may 
be a defensible procedure in a particular case although the dangers of 
altering the nature of the task should be kept in mind. The advantages 
however of placing Fleishman's work within the present framework is to 
call attention to what may be called the more. profitable weak disjunctive 
(either A or B or both) as opposed to the strong disjunctive (either A 
or B but not both A and B) as paradigms for reconciliating differences. 
Thus it is conceptually possible that both factor scores and factor 


weights are changing during practice on a task. 
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CHAPTER 4 

A CONCEPTUAL FRAMEWORK FOR LEARNING EFFECTING THE 
DEVELOPMENT OF ABILITY FACTORS® 

Having clarified the use of learning as it is related to changes 
in ability factors and factor loadings, the next step in this analysis 
will be to give an example of how one might relate substantive learning 
principles and changes in ability factors. Gagne's (1965) model is con- 
Sidered as a tentative way of achieving this conceptual linkage, but 
it should be realized that future work may profit by considering other 
learning models. In any case, the factor change model outlined above will 
now be integrated with learning and developmental concepts. Table 2 sets 
out, in slightly modified form, Gagne's (1965) types of learning. In 
addition, a taxonomy of some of the learning principles that have 
received most attention in traditional experimental learning theory are 
presented showing their hypothesized relationship to Gagne's types of 
learning. It can be seen that learning principles 1-10 are considered 
as basic, common to all types of learning. Learning principles 11-28 
have been placed under the appropriate type of learning where they would 
be expected to be most relevant. The latter placement should not be 
construed as being mutually exclusive, since some of the learning prin- 
ciples 11-28 would be active in more than one type of learning 
(especially in more complex types of learning that occur after its initial 
placement in Table 2). The basic learning principles 1-10 will now be 


stated within the framework of learning effecting the development of 


A version of this chapter is to appear in Buss (1973c). 
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ability factors or changes in ability factor scores. That is, while it 
is true that much incidental learning may occur without changes in 
ability factor scores, and ability factor scores are relatively per- 
manent over short periods of time and provide for and set limits as to 
what may be learned, the present focus is confined only to that situa- 
tion where changes in ability factor scores over the life-span are ef- 
fected by learning. 

Pa A reinforcement is any stimulus event (e.g. confirmation 
of expectancy) that will increase an ability factor. If reinforcement 
occurs on a continuous schedule, the maximum possible change in the 
ability factor score is reached. If, however, the same maximum 
change in the ability factor score is brought about more slowly by a 
schedule of partial reinforcement, the effect of the latter will result 
in greater resistance to extinction. 

Po Extinction occurs when there is a decrease of an ability 
factor score caused by failure of reinforcement. Extinction is more rapid 
when acquisition occurs under a schedule of continuous reinforcement as 
opposed to a schedule of partial reinforcement. 

Pz The involvement of an ability factor under stimulus 
conditions somewhat different from original learning is called stimulus 


generalization. 


Pa 


operative in one stimulus situation but not in another. 


Discrimination is achieved when an ability factor is 


i 


the direction of behavior (goais). In human ability learning, perhaps 


Drives provide the impetus for action as well as defining 


the most important drive or motive is achieving cognitive proficiency 


which facilitates adaptation to the environment. 
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Pe The score of an ability factor is enhanced by an inter- 
mediate drive level (inverted U function). However, the more complex 
the task, the lower is the optimal drive level (Yerkes-Dodson Law). 

Po Increases in the score of an ability factor is facilitated 
more by distributed practice than by massed practice. 

Pg Transfer occurs when practice on task x has an effect on 
performance on task y (positive vs. negative transfer). Transfer effects 
have their basis, in part, in changes in underlying factor scores brought 
about by practice on task x. 

Pg Overlearning enhances the stability of the level of an 
ability factor since skills can be evoked at a low threshold. 

Pag Further growth of an ability factor is moderated in the 
Organism by a physiological and psychological readiness variable, by 
which is meant that the individual must be ready for the conditions of 
the task in the sense that appropriate behavior is in the individual's 
repertoire. 

The above ten basic learning principles are seen as affecting 
both trait profile and trait pattern. It should be noted, however, that 
it is individual differences in each of these principles which account 
for changes in interfactor relationships. Further comment on Gagné's 
types of learnina as they relate to changes in ability factor socres 
and loadings will be dealt with subsequently. At this juncture, 


however, I wish to elaborate on how learning principles 1-10 are 


hypothesized to be involved in the development of ability factors. 
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The human organism is engaged in a process of adaptive 
behavior” in order to meet the demands of the environment. Control 
over situational presses leads to the development of cognitive struc- 
tures (increases in ability factor scores) through learning. With 
respect to ability factor development, the major drive, motive, energy 
source, and goal, revolves around mastery of the environment. Growth 
of abilities lead to achieving this goal. Behavior that leads to 
successful and proficient environment contro] or confirms one's expec- 
tancies is enhanced and leads to the reinforcement of the hypothesized 
constructs (ability factors) giving rise to such behavior. If rein- 
forcement is delivered on a continuous schedule, ability factor score 
changes are more rapid than if a partial reinforcement schedule were in 
effect. The latter, however, would result in more permanent change, 
i.e., be more resistant to extinction effects. Inappropriate or 
mal-adaptive behavior becomes extinguished and facilitates the formation 
and operation of relevant ability factors. Through the dual process 
of stimulus generalization and discrimination, the organism learns the 
generality and specificity of appropriate ability factors. The more 
frequently an organism puts into operation a given ability factor, the 
more efficient it becomes, thus solidifying it into a functional unity 
that has a low threshold for implementation (over-learning). Stimulus 
generalization can be seen as a special instance of transfer, where 


competencies and general skills are built up by practice of underlying 


‘earning has traditionally been defined as adaptive but the phenomena 
of latent learning as well as the role of novelty and curiosity have 
demonstrated that in the short run, nonadaptive learning may occur. If 
one confines his attention to "intellectual learning" at the human level, 
then learning may be considered adaptive in the long run. 
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ability factors which are common to similar tasks. Distributed practice 
on a given task leads to better performance and thus to greater rein- 
forcement (environmental mastery). As such, it will result in increases 
in the ability factor that is operative to a greater extent than massed 
practice, since the latter situation leads to poorer performance, less 
mastery of the environment, and thus less reinforcement. Throughout this 
general developmental process, the level that an ability factor can 
reach is subject to the physiological and psychological readiness of the 
organism. With respect to psychological readiness, the organism's 
development is seen as cumulative. Prior learning determines the level 
later learning can reach. 
Learning-Stages, Factor Scores, and Factor Loadings 

In Figure 5 the hypothesized relationship between Gagne's 
types of learning and the development of an ability factor a is repre- 
sented. In this model, the level of a factor is considered as dependent 
upon the learning-stage reached in development. The theoretical growth 
curve of a factor is represented as S-shaped, consistent with the 
evidence from Thurstone (1955) who applied his absolute scaling methods 
to his seven primary mental ability factors. As can be seen, later 
complex learning, upon which a high performance level of factor a 
depends, is a direct outgrowth of more simple types of learning. Trans- 
fer takes place within each of Gagne's types of learning as practice 
on diverse tasks occurs (learning principle Po). In addition, transfer 
occurs between lower types of learning to higher types of learning 
(learning principles Po and Pig): Gagne (1965) refers to each of these 
types of transfer as lateral and vertical respectively. Lateral trans- 


fer is left unexplained by his theory, while vertical transfer is 


seat -sansimotsq “et00q of absatondttautie watdel oft sonfe .sltaeny 
2tdd duonquowt Anomsorotntet 229f euis bis <insmnovivns siz To gates 
asd nots? itids assent feyel sit .zzes019 Tetnomqotavad Tevengp 
ot 40 ge9ntbsey feakootndayen brs Teoicefofevta sit ot Jostdve 2b Moss | 
e*metospro od yegantbse: Msatpolorfoyeg oJ J2aqeer A2iW .meknspto 
(oval edt cantmietsh eatniss! s0f~4 vovtisfunwo 25 fesse @f snamqofeveb 
fone nso patnweel yotst 
epntbeod aotont brs .29702¢ -10t984 . 22pete~pn i nwhes— 
a'3ngsd neswied gtrznottelsy bastzaniaqyi aft @ overs of 
“21987 zt 9 todost yttTids ns to tremgofsvsbd add brs pninisel To eoqyy 
sasbasqeb 26 bsvebtenoa ef 1odo47 6 To fovel spit .febom 2fdg af  .begnse 
dtwowp Teottevast oT .snemqofaveb nf bedtasey Spsie-potnrpal edd. ogy 
gas iw aaetefenop -beqpre-@ e6 bainezo1qer zi sot2Q8s7 6 To ove | 
2bodsout porisog ssulozds aid bet iqqs ollw (22eT} snodzwwAT movt sonanto 
sats? Neer Sd miko 2 .ex0Jaet ythitde Tssasm yveaiag qevae eid od | . 
p yotost to [Syst sansmrotisg deta 6 dotiw noqu .pntotsal xefqmoo 
-ansth <niinies |) to 2eqys, STymbe sxom to Atworeduo Josath & 2 «2bneqab — 
pipes eines Fo 2aqys 2'Sagsd. To noes ninaiw oct eat Za | 
aotansta: .norotbbs tl (gi stakoning otinseal) zwas0.2dend. event. 
ee ee 29g? ‘mel Sars 1990 


63 


Figure 5 
Growth curve of ability factor a according to learning-stage theory. 
Learning is cumulative and from simple to more complex. The level 
achieved on each type of learning sets limits on later types of learn- 


ing and thus the ultimate level a given factor reaches. 
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simply accounted for in that learning at a higher level will be made 
easier when low level learning has been mastered. Figure 5 has certain 
implications which go beyond this simple statement. It implies that 
deficits in lower types of learning have more serious consequences on 
the ultimate performance level of an ability factor than do deficits 
in later types of learning. This is indicated in Figure 5 by: low 
level types of learning branch off the factor performance curve when the 
latter is positively accelerating whereas high level types of learning 
branch off when the factor performance curve is negatively accelerating. 
Therefore, deficits in low level types of learning will have more serious 
effects on the ultimate factor performance level than will deficits in 
high level types of learning. Such a model is consistent with Hebb's 
(1949) theory of the importance of early experience for later function- 
ing, as well as Schneirla's (1957) view that gains from experience are 
likely to be greatest at early stages of ontogeny. That this same 
relationship holds for negative influences as well, i.e., brain damage, 
has also been argued by Hebb (1949), although the evidence here is not 
conclusive (see Hayes, 1962, for a review). 

Evidence for the upper learning stages of Figure 5 comes 
from Gagne, Mayor, Garstens, and Paradise (1962), although this research 
was not carried out within the framework of ability factors. More 
specifically what these researchers did was to examine the learning of 
mathematics, and found that generally only learners that had mastered 
capabilities lower in the learning hierarchy were able to master 
capabilities higher in the learning hierarchy. If one were to consider 
a more general capability like the deduction ability factor for example, 


it does not seem unreasonable to hypothesize that growth on this ability 
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occurs as a function of cumulative learning in the manner set out by 
Figure 5. 

Some comment is in order as to the generality of the model as 
represented in Figure 5. It should be stated that this view of the 
development of abilities will probably be able to accommodate most of 
the factors that have received attention, with the added provision that 
all factors needn't progress through all seven learning-stages. In 
considering primary ability factors that are considered “established" 
(see Ahmavaara, 1957; French, Ekstrom, and Price, 1963; Horn, 1972; 
Pawlik, 1966; Royce, 1973; Thurstone and Thurstone, 1941; for a discus- 
sion of their invariance and/or psychological interpretation), some of 
those that would probably progress through all seven of the learning 
stages include: verbal comprehension, induction, expressional fluency, 
number, deduction, spatial relations, syllogistic reasoning, and 
originality. Taking verbal comprehension as an illustrative example, 
the process might go something like this: the child learns to attach 
certain linguistic labels to specific concrete objects (S-R); certain 
words become connected because of the speaking habits of the linguistic 
community (chaining); as words acquire richer meaning, associations 
are built up (verbal association); as similarities and differences 
between the meanings of words are learned, finer linguistic discrimina- 
tions may be made (multiple discrimination); abstractions emerge which 
allow for transcending the immediate situation (concept); concepts are 
combined, separated, transformed, etc., on the basis of various rules 
(principle); finally, solutions to problems proposed linguistically 
are solved on the basis of strategies, which involve the integration 


and execution of rules (problem solving). It can be noted that 
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idiosyncracies in the development of say, concepts, are possible. 
However such individual differences may be largely in the connotative 
meaning as opposed to the denotative meaning. For example the concepts 
"mother" and "father" will have differing connotations depending upon 
family environment, although denotatively these concepts will have 
relatively invariant meanings across familiy environments. 

Ability factors that would ponte not go through all seven 
learning-stages include perceptual speed, word fluency, memory, and 
spatial relations. Thus, perceptual speed would probably progress to 
the learning-stage of multiple discrimination, consistent with Gibson's 
(1969) more general theory of perceptual learning, in that perceptual 
development involves greater and greater differentiation or an increase 
in the specificity of response to invariant stimulus inputs (i.e., a 
sharpening of percepts). Word fluency would pass to at least the concept 
learning-stage, since a rich repertoire of concents would facilitate such 
performance. In considering the memory factor, since it involves the 
retrieval of information which is stored in coded form, a case could 
be made that it progresses to the concept learning-stage. Short-term 
memory would probably not fit into this scheme, since it is viewed by 
some (e.g. Horn, 1968, 1970; Miller, 1956) as basic and unlearned, 
where the performance level sets a limit on the capacity for information 
processing. Spatial relations would not pass through a verbal associa- 
tion stage. These examples of ability factors as they relate to the 
various learning-stages are illustrative only and are not meant to be 
an exhuastive and definitive statement. 

Bracketing for the moment the inter-factor differences in the 


learning-stage reached, consider now a class of ability factors that are 
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identical in terms of the learning-stages they progress through (it will 
be easier, though not necessary, to consider those that progress through 
the full seven stages). One can view the various developmental curves 
in Figure 5 as ideal types, reflecting the level reached by an ability 
factor, given that cumulative learning has been maximal up to that 
particular curve. Of course in human development, the cumulative 
learning process would not become fixated before reaching the problem 
solving level for the majority of ability factors. The above model, 
however, does provide a conceptual framework for theoretically charting 
the effects of various types of learning in the development of ability 
factors, and would be especially potent for conceptualizing this process 
phylogenetically, where certain organisms reach limited levels on 
ability factors since they do not reach the higher level learning types. 
Another implication of the various types of learning growth curves is 
that the transfer asymptote for performance jevel is reached progressively 
later in time as one moves from low level to high level types of 
learning (learning principle Pig): This aspect of the model may also 
aid in interpreting the development of ability factors phylogenetically, 
since lower organisms reach full development relatively quicker than do 
higher organisms. By transfer asymptote, it is meant the level required 
on one type of learning as a result of practice on those types of tasks, 
before transfer to the next higher type of learning can occur involving 
tasks within this higher type of learning. Thus, it is important not to 
conceive of the learning curve components as reflecting absolute 
performance over time, but rather as "cumulative, developmental, transfer, 
asymptote, inflection, stage points." To be sure, the human organism 


continues storing up new S-R connections over the life-span, but in 
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the development of an ability factor, once the organism reaches a 
critical performance level on S-R learning, he is able to advance to 
the next type of learning. As the organism progresses to more advanced 
stages of learning, his ability factor score increases accordingly. 

From these considerations, it can be seen how the smal] 
gradual changes of the factor growth curve are completely compatible with 
a qualitative or structural change model, since I am adopting the view 
that Gagne's higher types of learning are an outgrowth of, but not 
reducible to, lower types of learning. This position is also consistent 
with Table 2 and learning principles 11-28, where it was stated that 
certain learning principles would be most relevant in certain types of 
learning. The implication here is that as one ascends the Gagne types 
of learning from simple to more complex, new forms of learning evolve 
which are not reducible to lower forms. Such a view is quite consistent 
with the notion of incremental cumulative learning. 

The entire learning process involved in the growht of an 
ability factor as illustrated in Figure 5 may be conceptualized as 
hierarchical in nature. The jevel of an individual's factor score is 
a direct consequence of how high up the learning type hierarchy he has 
progressed. Hierarchical models for intellectual growth with respect 
to learning have been advanced by Gagne (1968a, 1968b), but they have 
not until now been put into the framework of ability factors. Hier- 
archical conceptions of ability factors exist (Burt, 1949; Cattell, 
1971; Vernon, 1950), but they have been devised in accordance with 
mapping out the existent nondeveiopmentail structure of the entire 


ability domain. 
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The present account of the relationship of learning to the 
development of an individual's ability factor scores is quite analogous 
with a stage view of cognitive development (e.g. Bruner, 1964; Piaget, 
1970). The stage concept has been discussed at some length (Flavell, 
1963, 1971; Flavell and Wohlwill, 1969; Hunt, 1969; Inhelder, 1956; 
Kessen, 1962; Pinard and Laurendeau, 1969; Reese and Overton, 1970). 
The essential properties of stages are that they comprise an invariant 
sequence in which later stages subsume earlier ones and thus provide 
for integration, and that a given stage is defined by structural 
wholes rather than isolated behavioral components. In terms of the 
present model, Gagne's types of learning may be viewed as an invariant 
sequence of jearning-stages, where the structural wholes defining each 
stage consist of the different kinds of learning and principles as set 
out in Table 1. Empirical evidence supporting this view is reviewed by 
Gagne (1968b), although he does not use the word "stage". Quantitative 
changes in factor scores would occur within any learning-stage, and 
qualitative or structural changes would parallel the transformations from 
stage to stage. Once the individual reaches the terminal learning- 
stage for a given factor, further changes in factor scores would be 
quantitative in nature, which is consistent with the views of Flavell 
(1970) and Kohiberg and Kramer (1969) as to the kinds of changes in 
the adult's cognitive structure. It would be expected that the majority 
of ability factors would progress simultaneously through the various learning 
stages, although possible exceptions would resemble Piaget's concept of 
horizontal declage. 

That factors may undergo structural transformations over the 


life-span has been noted in Chapter 1. This orientation towards 


“ ffawsta) ‘ada ee depen’ si 
{BaCh <rabadnd :20@F , Inv g@peh A htwidel bas (tavely Piel eer 
(over -nos4sva bys s2998-70ael .usebrs wes bas brent? 780ef <fs229n 

snstievAt 16 served yard tft? a0 2op8s 2 io estinagog [sisneees: od | 
abi yoryg, 2uilt bas agro nat fnes smuzdue ranote rioteh dotdwth soneupee - 
fseudourte yd bon tab 2t Spate navie o isnt brs Hotterpssar tr ; 
ot FO. zest mI .2dreroqmod. [axofvaried baisteet sarit yeis7 e9forw . 
jnsiteynt an 2a bewsty sd yom Onin teal To esqyt 2' epee . fobom tngeatg - 
fone ohtarisb esfotw (ewidourde Sy a1siiw eaepate-priniss! YO sonsups2 
$52 26 e9tatontza be ontaysel To ebntd tnatatyitb oft To Jeheme apste : 
yd bowaivet 2t wetv 2tis, onisyoqque sonsotvs festytems .1 sfdsT mf duo 
avttstitdsu? ."apet2” biow sat seu Jon egob of dpuodtis . (d80e F) anpse 
brs gsesse~nittnwe! “ne nits tw ww 00 biuew 2et0se yotont nt sagen 
mon? enotsemtdtensyd ont folisisq bfuow espasds Tsywsoutte 10 ovisestfeup raw 
~attnibe! fentiyad sis 2ano6e1 [aubtvibnt oft gon0 .apate og ss cath | 
ad) biuow es70o2 ioszet nt 2opmeia Vali w? .totQe% avin 6 +t *pese 
[fovBEF to, 2waty affepitiw Inatet2noo 21 sstdw ,swtsn af owties himgup 
at 2apnenka 70 2bntt ant ot 26. (2221) “iomev% bas praetor, be. (ONT) 
uttrotem ads dart bedzeqxe ad bilwew 31 .swesuite svtt tapos 2's iube wet ; 
mtnvss! 2v0RNEY aitd dpuorits Yl2uosnss [unite 2zorpo14 bivew 270soBt ywitids, to ’ 
to sqson09 2!t5per4 sfdmazey biuow enofsqsoxs sidteeor Nqvat te cepgmee 
.apaigab {staostaad 
ot? 14¥0 ano son fswatdinde oprsbiw vem. anni Ae ' 
pr atennte ef +f wedged nk basen nest et 189 


70 
considering dimensions of individual differences through the life-span 
may be contrasted with that approach which attempts to demonstrate the 
stability of factor pattern matrices from occasion to occasion through 
the use of factor matching procedures (e.g. Meredith, 1964). Undoubtedly, 
the concern with the latter issue has been prompted by the belief, that, 
if factors are to be useful theoretical constructs, their invariance 
must be established across different subjects, variables, and occasions. 
It should be noted, however, that these two major concerns are not 
incompatible, since the factor matching procedures may be used for 
establishing the boundary conditions for structural stability of 
factors. It may be hypothesized that these boundary conditions may 
line up with the different learning-stages. That is to say, in the case 
of ability factors, the various learning-stages that have been considered 
may be yiewed as providing the theoretical underpinnings for such changes 
in the salient variable loadings that define the factor. For example, 
the types of items that would tap, say, the factor spatial relations, 
may be viewed as intimately linked to the learning-stage of an individual 
(e.g. an S-R response that a circle and a square are not the same thing 
vs. a highly abstract geometric problem solving item that involves 
plane geometry theorems). 

Research aimed at testing the model described here would 
involve essentially two steps. First, it would be necessary to establish 
age norms for the various learning-stages, and further, for individual 
ability factors (horizontal declage). Consistent with Piaget's stage 
theory of cognitive development, it would not be necessary that such 
age norms be identical across different cultures, since the critical 


point here is that they form an invariant sequence. Having done this, 
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the second step would be to carry out a typical training experiment for 
a particular learning-stage, where the experimental and control groups 
are compared on the ability factor in question before and after train- 
ing or nontraining respectively. If, for example, in considering the 
abiltiy factor spatial relations, the subjects are at the concept stage 
(i.e., they have a firm graps of such things as a square, circle, 
triangle, circumference, right-angle, etc.), training for the principle 
learning-stage would involve such things as the pythagorean theorem, 
that the sum of the angles in any triangle equals 180 degrees, that the 
diagonal in a square separates two identical isosceles triangles, etc. 

In conclusion, it should be noted that the purpose of the 
present chapter has been to integrate diverse psychological domains and 
concepts. Mechanistic learning views of development (learning principles, 
incremental growth, etc.), organismic developmental concepts (qualitative 
change, stage, etc.), and dimensions of individual differences (factors), 
are all brought together under the same umbrella. Such a goal is an 
important one to the extent that major developmental theorists (e.g. 
Piaget) are largely not concerned with individual differences (Butcher, 
1968; Flavell, 1963; Hunt, 1961; Wohlwill, 1970a; Zigler, 1963). By the 
same token, there have been those who have called attention to the lack of 
developmental thinking in the study of incividual differences and have 
attempted to redress this deficiency (e.g. Emmerich, 1968; Horn, 1968; 
Wohlwill, 1970a). The meshing of mechanistic or learning views of 
development and Piaget's organismic approach has already been initiated 
(Berlyne, 1962; Hunt, 1969; Stevenson, 1962). Ali this is by way of 
saying that the aim of the present account is to further recent 


theoretical integrative trends that are certain to increase our 
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understanding of psychological development. In the following chapter, 
a closer look is given to developmental changes of ability factors 


over the life-span. 


aS 


CHAPTER 5 
FURTHER ISSUES IN INTEGRATING ABILITY FACTORS 
AND DEVELOPMENTAL CONCEPTS 

Recently there have been attempts to close the conceptual gap 
between the individual differences approach and developmental concerns 
(Emmerich, 1968; Wohlwill, 1970). Thus Wohlwill (1970a) mentions two 
ways Of bringing the study of individual differences into a develop- 
mental context: differences in the general form of an invariant 
developmental pattern (parameter variation), and differences in the 
pattern itself (non-invariant developmental pattern). Emmerich (1968) 
has contrasted and to a limited extent integrated certain aspects of 
what he sees as the three major approaches to structural development 
in personality, i.e., the classical, differential, and ipsative. The 
classical view subscribes to universal invariant sequences of stages, 
the differential stresses the assortment of subgroups with respect to 
differential dimensions in the course of development, and the ipsative 
considers intra-individual consistencies and change over time. 

The purpose of the present chapter is to push further towards 
the goal of integrating the study of individual differences and 
developmental concerns. This is mediated by outlining three basic 
ideal factor relation types i.e., divergence, convergence, and paral- 
lelism. Each of these types of relations are applied to the trait 
pattern (Anastasi, 1970) or factor inter-relationships. Additional 
concepts are considered which provide for an analytic statement as to 
the possible ontogenetic changes in structure, i.e., cumulation vs. 
non-cumulation of factors and higher order factors. The model developed 


is applied to the classical, differential, and ipsative approaches to 
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developmental change, as well as organismic developmental concepts. In 
this way, a beginning is made to integrate multivariate approaches to 
the structuring of behavioral change and mainstream developmental con- 
cepts. This goal is an important one to the extent that multivariate 
Change models must be advanced enough to be able to respond to the major 
issues which have dominated the field of developmental psychology. 
Multivariate approaches to the structuring of change must examine these 
issues within its own framework and develop models that are sensitive 
to the conceptual demands of this area. 
Underlying Structure and Changes in Factors 

Trait Pattern 

Figure 6 (a), (b), and (c) illustrate in a simplified manner 
the three basic ideal factor relation types, i.e., divergence (D), 
convergence (C), and parallelism (P) respectively. These ideal types 
of inter-factor relations may be considered mutually exclusive and 
jointly exhaustive, since, as will be demonstrated below, any structure 
of factor relations may be decomposed into varying combinations of these 
basic relation types. Several comments can be made concerning the factor 
relations expressed in Figure 6. Each of these basic types are distinct 
polyadic relations, since more than one factor is required to define 
each type and must be considered with respect to each other. Divergence 
may be considered the inverse of convergence, since they are identical 
in form although reversed in direction with respect to time. The non- 
parallel lines in Figure 6 indicate changing covariance between factors, 


while parallel lines reflect a constant covariance (not necessarily zero) 
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Figure 6 


The three basic ideal factor relation types of divergence (D), 


convergence (C), and parallelism (P). 
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across ties The transformation point indicates a major change in the 
salient variable loadings that define a factor such that a different 
factor or factors occur after such critical events. It should be noted 
that the logic of the D and C cases require that a transformation 
actually occur, while this is not necessary for the P case. That is to 
say, it is possible in the P case, where the factors Fas Fe, and Fe are 
replaced with factors Fae Fos and Fy respectively, that no transformation 
takes place. This special case of P may be called nontransformational 
parallelism, and is interpreted as constant inter-factor covariances 
across time between factors whose meaning remains unaltered (constant 
salient variable loadings). Unless otherwise indicated, P will stand 
for transformational parallelism below. The three basic ideal factor 
relation types may seem rather simple prima facia. As demonstrated 
below, however, their possible permutations plus additional growth 
properties to be considered, allow for considerable power for potentially 
teasing out the complexities of age-related changes of ability factors. 
A similar conception to the present one has been advanced by 
Van Den Daele (1969), although he was concerned exclusively with 
qualitative models where the unit of analysis was stages rather than 
factors. Van Den Daele's paper is an important contribution to the 
analysis of qualitative stage models, and is the impetus for parts of 
the present section insofar as some of the distinctions that he has made 
are applied and extended within a multivariate framework. Van Den Daele 


(1969) provided for two cases of mixed multiple progression types, or 


Sor a discussion of identifying changes in factor covariances, see 
Mulaik (1972, p. 358). 
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what has been called here basic ideal factor relation types. These were 
partially convergent yet overall divergent, and partially divergent yet 
overall convergent. Focusing now on factors and allowing the overall 
factor relation type to be symbolized by its upper case letter and the 
partial factor relation type to be symbolized by its lower case letter, 
these two mixed factor relation types may be represented by Dc and Cd 
respectively (Figure 7 (a) and (b)). In Figure 7, the various factors 
and transformation points have not been labelled in order to facilitate 
ease of presentation. At each transformation point, however, changes 
in salient variable loadings or structural change occurs, which results 
in new factors. 

As Figure 7 reveals, there are a total of six simple mixed 
types of ordered combinations, where by simple we mean selecting and 
arranging two factor relation types from a total of three possible 
without replacement or duplication, i.e., 3!/(3-2)!. This principle 
may be extended to n selection or reference points through time while 
allowing for duplication. The number of possible mixed factor relation 
types then becomes 34, For example, if n = 6, then there would be 729 
possible mixed factor relation types! The assumption that the first 
basic factor relation type in a series would be over-riding, while the 
remaining basic factor relation types would be partial or subsumed, 
need not be made. Indeed, as n increases, it is improbable (though 
possible) that there would be a single basic factor relation type 
modulating the remainder of a particular sequence. More probable would 
be a number of major (i.e. over-riding) factor relation types, 


interspersed with minor (i.e. partial) factor relation types. 
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The six possible simple mixed factor relation types, where only two basic 


ideal factor relation types are considered and the first overrides the 


second. (a) 
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One property of the basic ideal factor relation types which 
is orthogonal to the distinctions made thus far, is that the changing 
ontogenetic factor relational structure may or may not be cumulative. 

By this it is meant that in going from one factor relation type to 

the adjacent one in a particular sequence, there may or may not be a 
cumulation of pre-existing factors. This point may be appreciated 

by reference to Figures 6 and 8, since they are identical except for 
the nonpresence and presence of cumulation respectively. Thus in 
Figure 6, the transformations which the pre-transformation factors 
undergo result in new factors which take the place of pre-existing 
factor forms. In Figure 8, the pre-transformation factors are retained 
as well as the new factor forms post the transformation point. In other 
words, factors cumulate, since earlier factors remain in the repertoire 
after critical transformation periods. This process produces a para- 
doxical result in Figure 8 (ioe where the cumulative convergent case 
actually yields more factors after the transformation point. 

The analysis presented above may be thought of as being more 
systematic than that presented by Coan (1966). Coan's convergence and 
divergence remain in the present account, but it was argued that the 
third pattern of parallelism is needed to complete the number of factor 
relation types. It was also noted that D, C, and P, are all of the same 
logical type, i.e., express polyadic factor relations, and that the 
inter-relationship between D and C reveals the interesting logical 
property that one is the inverse of the other. Coan's list of five 
types of ontogenetic change in factors (see Chapter 2) are not formally 
grouped and contrasted according to their logical properties. By simply 


listing five constructs there may be a tendency to inappropriately 
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Figure 8 
The three basic ideal factor relation types of divergence (D), conver- 
gence (C), and parallelism (P) where the property of cumulation is in 


evidence after the transformation point. 
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consider them to be all of the same logical type. The point to be made 
here is that Coan's factor metamorphosis, emergence, and component 
interchange form a group of change properties that may apply to any of 
the basic factor relation types D, C, and P where cumulation or non- 
cumulation is in effect. 

Recent reviews of the empirical evidence for the ability factor 
differentiation hypothesis (Anastasi, 1970; Baltes and Nesselroade, 
1973; Reinert, 1970) indicate that over the life-span, an integration- 
differentiation-integration sequence seems most likely and corresponds 
to early childhood, childhood and adolescence, and adulthood and old 
age respectively. In terms of the present model, this would be 
represented as a CDC sequence. Recently, McCall, Hogarty, and Hurlburt 
(1972) have extensively examined developmental transitions in infant or 
sensorimotor intelligence. What they did was to correlate factors at 
the ages of 6, 12, 18 and 24 months. Correlation matrices depicting the 
factor inter-relationships graphically reveal a complexity in which 
convergent, divergent, and parallel components are present. Since the 
authors comment that "the network of transitions between skills at one 
age and another is likely more specific and complex than once thought" 
(p. 746), and since they were focused on only an 18 month time span, 
it can be appreciated that the model developed here may prove quite 
useful for abstracting some degree of order in the changing pattern 
of ability factors over the life-span. 

It is also possible to incorporate in the present scheme 
Guilford's (1967) view of trait patterns through the life-span. 
Guilford's adoption of orthogonal rotational procedures has forced him 


into a position where he is unable to accept any type of structural 
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changes in the factor inter-relationships across the life-span. Guil- 
ford's strategy has been to map out the existent ability structure, and 
attempts by others (e.g. Burt, 1949; Spearman, 1927; Thurstone, 1938; 
Vernon, 1950) have been carried out in a similar vein. However, it is a 
misguided hope to establish a single structure of the abilities domain 
that will hold across all ages, since this would contradict the major 
developmental principle that structures become increasingly differentiated 
with age while simultaneously becoming hierarchically organized (see 
Chapter 6). Recently, there have been those (Reinert, 1970; Baltes and 
Nesselroade, 1973b) who have noted that certain models of ability 
structure are more appropriate at certain ages, e.g., Spearman's (1927) 
model at early stages and Thurstone's (1938) and Guilford's (1967) 
at later stages. Returning, however, to Guilford's view within the 
present context, it may be considered as a special case of P without 
cumulation. The rationale for considering it as such is that P 
requires that the factor inter-relationships remain invariant across 
time, regardless of whether they are oblique or orthogonal. 
Higher-Order Factors 

The question of higher order factors is quite separate from 
the discussion of the basic ideal factor relation types. Thus, in the 
D type factor relation, the pretransformation factor may or may not be 
a higher order factor. Similarly, the post transformation factor in the 
C_ type factor relation may or may not be a higher order factor. 

Figure 9 (a) illustrates the simple case of a recurrent 
divergent sequence in which there is a progression from lower order to 
higher order factors. Higher order factors increasingly emerge at 


increasingly higher levels during this process of ontogenetic change. 
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This recurrent divergent view of the ontogeny of higher order factors 
does not have a monopoly in accounting for the appearance of higher 
order factors. Figure 9 (b) illustrates another possibility, where the 
only difference is the relationship of order to the divergent process. 
In this view, the higher order factor forms are present at the beginning 
of the ontogenetic change process, and later emergence of higher order 
factors are progressively at a lower order. Strictly speaking, rather 
than higher order factors, we are concerned in Figure 9 with higher 
strata factors. The distinction between order and strata has been 
made by Cattell (1965), in that the former refers to the operational 
results of a single experiment while the latter refers to the "real" 
orders among factors. Thus in Figure 9 (b), the first series of factor 
groupings reflect fourth, third, etc. stratas, even though there are 
only one, two, etc. levels being considered. These two views, of 
course, represent idealizations for the purpose of attaining conceptual 
clarity as to the logical possibilities of the ontogeny of higher 
order factors. They are by no means incompatible within a given 
ontogenetic pattern and may, in fact, coexist in different degrees. 
It should be noted that although Figure 9 represents nonoverlapping 
hierarchies where factors are neatly subdivided, an overlapping model 
is more probable where a lower order factor is linked to two or more 
higher order factors (Horn, 1972). The latter view is actually embodied 
in the basic factor equation as applied to higher order factors (see below). 

Up until now, the ontogenetic structuring of higher order 


factors has been exclusively confined to the divergent view as expressed 
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by Ficure 9 (b). Cattell (1971) and Horn (1966b) hold the view that 
in obtaining higher order factors, one is structuring increasingly 
broad constructs which are of a greater historical vintage. The present 
analysis will hopefully provide the conceptual framework for dealing 
with the complexities of this question of the ontogeny of higher order 
factors and build upon the pioneering work of Cattell and Horn. 

It will be useful to look at the two views of the ontogeny 
of higher order factors within the context of the basic factor equation 


with the variance associated with uniqueness set aside, j.e., 


Fri, = Pfobott Paptats “figs PreK 13] 


where Fe; 1s the factor score of individual i on the primary factor f, 
the b's are the higher order factor loadings, and the F's on the right 
side of the equation are higher order factor scores. Equation [13] 

as it is stated reveals some interesting observations once the two 
types of ontogenetic processes for higher order factors are superimposed 
upon it. Considering [13] as an expression of the higher order factor 
development in Figure 9 (b), the interpretation would be that the 
higher order factors account for the lower order factors. In fact, a 
causal interpretation in terms of the higher order factors "causing" 
the lower order factors is defensible here, since the ontogeny of any 
higher order factor, as revealed in Figure 9 (b), is always at an 


: . 9 
earlier time with respect to the factors at the immediate lower level. 


"oF course one can never "prove" causality within the present model, 
but a particular causal theory can be consistent with the factor model. 
Experimental manipulation is an obvious ingredient that is lacking here 
and which would provide stronger grounds for inferring causality. 
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In considering the process indicated by Fintre 9 (a), a radically 
different theoretical interpretation of the model expressed by [13] 
is necessary. In this case, the ontogeny of any higher order factor 
always follows that of the Pactor: at the immediate lower level. Given 
this time sequence between lower and higher order factors, equation 
[13] now becomes a statement of the ontogenetic decomposition of a 
lower order factor into its constituent higher order factor components, 
and if there is any cuasal statement to be made it must now be in the 
direction of from the left to right side of [13]. 

The model represented by Figure 9 can be further subdivided 
into both cumulative and noncumulative types. In considering the last 
structure in Figure 9 (b) for example, the cumulative case would be a 
decomposition of a higher order factor in terms of which lower order 
factors it now subsumes and to what extent (the b's), while the non- 
cumulative case would be a decomposition in terms of which lower order 
factors and to what extent (the b's) the higher order factor has now 
become. In the first instance, the higher order factor would have a 
continuing existence, whereas in the second case, its existence would 
have been terminated at the transformation point (compare Figures 
6 (a) and 8 (a) assuming F is a higher order factor). All this 
discussion is by way of stressing the complexity of explaining the 
ontogeny of factors in terms of other factors, and points out the need 
to be aware of the various ontogenetic processes of higher order factors, 
since this will determine the theoretical interpretation of the model 
represented by [13]. It appears that Cattell (1971), for example, 
views higher order factors in both the cumulative and noncumulative 


sense as represented by Figure 9 (b) (higher order factors precede and 
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determine lower order factors). An example of the former would be the 
higher order ability factors fluid and crystallized intelligence, 
while that of the latter would the concept "historical fluid intelligence" 
(Gattetteel9/ 1 sens 119)e 

Implications 
Classical, Differential, and Ipsative Approaches 

It is now possible to indicate to what extent the model 
outlined here integrates the three main approaches to developmental 
questions that Emmerich (1968) has considered, i.e., the classical, 
differential, and ipsative strategies. These three developmental 
approaches may be recast in the present treatment by asking to what 
extent does the model elaborated here provide for detecting general 
ontogenetic change forms, interindividual differences in ontogenetic 
change, and intraindividual ontogenetic changes, where the unit for 
analysis is factors. The merging of these three concerns into an inte- 
grated view of ontogenetic change has yet to be done, although there 
have been those (Baltes and Nesselroade, 1973; Wohlwill, 1970a) who 
have gone so far as to suggest that at the very core of studying 
developmental change must be an approach concerned with intraindividual 
change and interindividual differences in intraindividual change. 

General ontogenetic change forms require an invariant 
sequential pattern that has some degree of generality across individuals. 
In the present context, this would mean the establishment of an invariant 
sequential pattern of such things as the basic ideal factor relations 
and their higher order components, as well as the developmental pattern 
of higher order factors. Of course, it is not necessary to require 


that such general ontogenetic change forms must occur for all individuals, 
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but rather that if a given structure is in evidence for a given domain, 
culture, population, etc., then there is a prescribed sequential 
invariant pattern which must have preceeded this structure and which 
has the characteristic of inevitability or even logically necessity 
with respect to such a structure. Thus the description of general 
ontogenetic change forms becomes intimately interlocked with the 
developmental theory of such change. Such theory (e.g. Piaget, 1970, 
and as interpreted by Flavell, 1963) is almost completely lacking 
within the framework of multivariate ontogenetic change, although a 
beginning has been made in this direction in Chapter 3, where the 
concept of invariant learning-stages was tied to both changes in 

factor scores and factor loadings. Perhaps the lack of sophisticated 
descriptive models for abstracting the latent structure of the ontogeny 
of factors has contributed to the lack of developmental theory in this 
area, since adequate description of a phenomena must preceed explanation, 
although these two concerns are not always distinct and often merge 
together. Hopefully, the model that has been outlined here will go 
some way in providing the means for an adequate description of age- 
related factor change, thus preparing the way for some multivariate 
developmental theory. 

Assuming the establishment of general ontogenetic behavioral 
change forms, the very fact that the unit of analysis in the mode] 
being considered is factors, allows for interindividual differences in 
ontogenetic change. Factors are defined and determined upon the very 
notion of variability. Thus, although individuals may be subject to 
the same general ontogenetic change form, interindividual differences 


in ontogenetic change may be captured by the interindividual differences 
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on the factors which define the general ontogenetic form. 

Another possible route to interindividual differences in 
ontogenetic change would be that situation where different general 
ontogenetic change forms are in effect for two groups. This possibility 
assumes alternate developmental sequences and is quite plausible, 
considering the effects that differences in population (e.g. culture) 
may have on developmental phenomena. Also, alternate developmental 
sequences are much more probable in certain domains than in others 
(Van Den Daele, 1969). These two types of interindividual differences 
in ontogenetic change readily lend themselves to intraindividual 
ontogenetic change considerations. Thus, in considering the case 
where a single general ontogenetic sequence of basic ideal factor 
relation types is in effect, both interindividual differences and 
intraindividual changes may be specified in terms of factor scores. 

For the case where there is alternate general ontogenetic sequences 

for two specific groups defined by, say, cultural differences, this 
would increase the interindividual differences across groups though, 

of course, not necessarily the within group interindividual differences 
or intraindividual differences. 

The three types of ontogenetic changes as formulated above 
within the framework of factors, reveal some interesting differences 
when compared to traditional views of these approaches. This is 
especially true of general ontogenetic change forms. In considering the 
latter, traditionally a general ontogenetic change form may be con- 
sidered as a property of a group of individuals. In other words, the 
pattern of change holds for each individual of a particular group. 


In the present factor framework, a general form or pattern of change 
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(remembering that a pattern is defined here as changes in the inter- 
factor covariances) is a property of the group per se, since the entire 
group of individuals is necessary in order to define such patterns, 

yet such a pattern is not a property of a particular individual. The 
only way it would make sense to speak of a general ontogenetic change 
form applying individually (and thus simultaneously to a group of 
individuals) within the framework of factors, is if the changing pattern 
of factors were determined individually by such methods as P-technique 
(correlating variables across occasions for one individual) or similar 
methods as discussed by Coan (1966). What would be changing here would 
actually be the trait profile or factor scores rather than the trait 
pattern, given the definition of P-technique. It should also be noted, 
however, that replication of the cross-individual factors as defined 

by P-technique is still in its infancy Gaeaeety and Mintz, 1972). 

In terms of intraindividual ontogenetic changes, it should be noted in 
passing that P-technique is a method par excellence for structuring 
such change. 

In summary then, the change model developed in this chapter 
may specify general ontogenetic sequence forms and allows for both 
interindividual differences and intraindiviaual changes within such 
forms. Thus, the proper approach to developmental behavioral change is 
to study interindividual differences in intraindividual changes, where 
the latter is an expression of general ontogenetic invariant sequences 
which are not necessarily universal in nature. 

Traditional Developmental Concepts 
There are several important developmental issues which have 


yet to receive the attention they deserve from a multivariate perspective. 


ie aad nt agp cx mails at nani sett ontyedmamey) 
siting st gonte #92 79q qua add Yo yraqong, 6 21, (aootisinsven yodost 
eetivedtisg sisue onitab of vabye nF Yrse2soan at eteibrvtbnr Ye: query, 
oat -favbivibnt weluottsaq 8 Fo yrrsqoxq 5 Jon ef prvettsq 6 dove Jay’ 
ogiibila Shtenegosno Fayoneg 6: b\Ageaa ot senae cleo bhuew Shiga nioo. 
to quovp 6 of ylewoenstiumte e0dt bas) yl Teubtvibat patyfqas mot 
avetieg porpmsdo sit th 2b .2vodos% to Avowsrte rt and midttw (efsabtvibat 
aupinfoet-9. 26 eboritem dove yd ylfeubtyibat bonteretsb. stow etesos? to 
ts( tate 10 ({subivibnt sno tot enot26o20 220106 eofdstysy pnbtefentws) 
bivow s4enh patomens sd bluow Jsdd .(a0@1) need yd beeewoetb 26 ebodtom 


tsi odd neit tofdey ea1607 tot2st 10 of tov tietd oft od yl feutos 
.begon Sf o2{s biuait2 21 .suptndost-9 to noftintteb sit novig ymetdsg 
beniteb 26 evoson7 fsubivibat-ezov sit to nottsctiqay todd .vevewor 
ASSO .sinih bas yi2todul) yonetat ati nf ite zt supindosd<9 yd 
af beyon ed bivala ot ,2apnads sitemspotno [aubtvibatendal to. emved nl 
priwiouvse vot sonsfisoxs tq bodtsin & 2t suptndost-9 tad? eakeesq 
-spn6do dou2 = ~ 
saggaeno eras nit bogefovab [sbom spasio ond ,mond yrsmmwe ol : i 
ited OF ewolle bas emiot sonsupse atianseotno levenep yfoeqe yam 
fowe nivitiw 2apnsds fsubivibaisrint bos zsonerettth Tsubtvitnkwetat 
zt spnedd Isrotveitsd latnamqofsveb ot danoqgs yeqo71q oft .2uiT xemmot 
svotw ,2spnsio [subivibarsyinal at zaonsysttth |subtvibaivssnt ybuse. os 
zeonsupes inétrevnl vissnapetno Fevensg to notzesrqxe as et qadsafodd 
-owean nf [sevwview yi tyseesosn ton 9x6 Hotriw a 
: 
! 


edqsono) Tosnomqetsved TsnottthsyT 
oven dati zeueet (adnomqofaveb tnpsyoqnt Is1svee sam avedT aaa! 
svidosqeieg aeiraviv tum o mov? avasesb yard ites: es 


rs »* ~; ©] 


oa 


Concerning the concept of development, there has been several symposiums 
devoted to exploring its nature (e.g. Harris, 1957; Stevenson, 1966) 
as well as several individual efforts (Flavell, 1963; Flavell and 
Wohlwill, 1969; Kaplan, 1967; Reese and Overton, 1970; Zigler, 1963). 
Restricting our treatment to Piaget's and Werner's views and their 
interpreters, development is considered by these two giants in the 
field as an epigenetic as opposed to a preformative process. Influenced 
by Piaget, Flavell (1963) and Hunt (1961, 1969) have gone to some 
length to argue for the differentiation and emergence of cognitive 
structures that are not reducible to previous structures (epigenesis). 
These structures gradually come about through an active organism 
interacting with his environment. Hunt (1961) amasses considerable 
evidence against the doctrine of biological preformation (disproved 
by Wolff in 1768) and psychological preformation. Given the general 
acceptance of an interactional, epigenetic view of the development of 
cognitive structure, it is somewhat embarrassing that there are some 
(in the logical sense meaning at least one) who categorically deny its 
validity and cling to the outmoded view of psychological preformation. 
Thus Guilford (1967) has been forced into this absurd position by the 
adoption of a certain methodology (orthogonal rotation procedures ). 
Guilford's position regarding the ontogeny of factors (a special case 
of parallelism) does have its place in the present overall scheme of 
multivariate ontogenetic change. However, it cannot be considered as 
the paradigm for psychological development. 

Werner's organismic-developmental approach (Kaplan, 1967; 


Werner, 1957) is characterized by his orthogenetic principle, which 


states that "Insofar as development occurs in a process under 
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consideration, there is a progression from a state of relative undif- 


ferentiation to a state of increasing differentiation and hierarchic 
integration" (Kaplan, 1967, pp. 82-83, his italics). Piaget has a 


similar conception of development (Flavell, 1963) insofar as schemes 
differentiate and then integrate to form more complex superordinate 
schemes. Related to this is the notion that cognitive structures 
which have differentiated at earlier stages become integrated or 
subsumed within more advanced stages. These two co-existing anti- 
thetical Hegelian properties of cognitive development, are readily 
accommodated by Figure 9, which reveals the two ideal processes whereby 
higher order factor develop over time. In both Figures 9 (a) and 9 (b), 
there is, respectively, progressively higher or lower levels of dif- 
ferentiation. In Figure 9, the relationship of strata and time 
provides for increasing differentiation with hierarchic integration. 
Both Werner and Piaget's developmental approach is organismic, 
as opposed to mechanistic (Reese and Overton, 1970). This means, among 
other things, that the organism is viewed as active rather than passive 
and constructs reality with the aid of a highly organized set of 
psychological structures /° Questions of change focus on changes in 
the qualitative nature of psychological structures and changes in the 


organization of such structures. Such a view is quite compatible with 


101+ should be noted that the concept of "structure" within the factor 
analytic model is actually not as rich as how this term is used within 
cognitive psychology. The latter describe knowledge structures which 
consist of nodes connected by relational links which themselves are 
defined by other nodal connections (Wilson, 1972), within the system, 
while the structure within the factor model (i.e. vectors of factor 
loadings and scores) do not have referents that are defined within 

that system. 
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the factor model, since here the organism is viewed as bringing to a 
situation a highly organized system of structures or factors that are 
subject to qualitative or structural changes (see Chapter 2), although 
the factor model does not specify how the organism selects and uses 
these factors in performance. The entire structure of factors may 
undergo reorganization through the basic ideal factor relation types. 
The organismic model also implies a holistic approach, i.e., the 
organism's behavior is best understood and predicted by a knowledge 
of its overall psychological structure. In accounting for any given 
behavior from a multivariate perspective, the basic factor equation 
makes full use of the overall structure. This point may be more fully 
appreciated by referring to equation [13] where one may consider more 
generally a certain behavior or performance as being specified by the 
factor loadings and factor scores rather than a factor. 

The organism's overall psychological structure is considered 
in this model in several ways. First, the relevant factors called 
into play may be from several distinct domains, such as the ability, 
temperament, motivation, etc. Secondly, the factors are not neces- 
sarily restricted to those of the same order. Methods exist (Cattell, 
1965; Schmid and Leiman, 1957) for including both primary and higher 
order factors. Thirdly, the unique set of factor scores which exist 
for each individual may be seen as taking account of an organism's 
psychological profile or structure. Finally, if there are changes in 
the interrelationships between the factors (changes in overall structure), 
as provided for in the oblique case where factors are allowed to become 
correlated, then there will be appropriate changes in the weights (b's) 


if one factors correlational matrices rather than variance-covariance 
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matrices (see Appendix A). 

Consider now an important aspect of Piaget's organismic model 
of development, i.e., the invariant functions of assimilation and 
accommodation. Very simply, assimilation refers to that process whereby 
the organism structures or constructs reality by imposing his existent 
schemes or psychological structure upon reality. The world is assimi- 
lated and interpreted in terms of these stable structures which the 
organism brings to any situation. Accommodation is the antithesis of 
assimilation and refers to that process whereby reality imposes itself 
upon the organism such that his cognitive structures undergo change or 
accommodate to the demands of reality in order that he might more 
adequately deal with that reality. This assimilation-accommodation 
process has a direct counterpoint in the factor model outlined above. 
In considering assimilation, it would correspond to that period when 
the ideal basic factor relation type of parallelism without transfor- 
mations is in effect, since this would indicate a stable structure that 
may undergo quantitative change, but the essential nature and inter- 
relationships of the factors would remain invariant. When nontransforma- 
tional parallelism is in effect, the organisms bring to any situation a 
stable psychological structure which is imposed upon reality, thus 
providing the means to deal with that reality. Comparable to 
accommodation would be the ideal basic factor relation types of 
divergence, convergence, and transformational parallelism. In inter- 
acting with the environment, organisms encounter certain demand 
situations which contribute to the restructuring of inter-factor 
relationships and qualitative changes as to the nature and number of 


factors. The three basic ideal factor relation types provide the 
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vehicle for accommodative change of the psychological structure that 
equips the organism for more adequate dealings with reality. This 
interpretation (like others in this section) runs the risk of being 
accused of simplifying very complex theoretical developmental constructs. 
However, the aim is not to ‘water down' such sophisticated developmental 
conceptualizing, but rather to bolster the conceptual level of multi- 
variate approaches to developmental issues. Once a tolerable level has 
been achieved in this regard, the power of multivariate approaches to 
the structuring of behavior in general may be more fruitfully brought 
to bear to questions of ontogenetic change. 

In the following two chapters, various descriptive data 
gathering strategies are outlined that deal with obtaining change 
data. In Chapter 6, the developmental models of Baltes (1968), Cattell 
(1970), and Schaie (1965, 1970, 1973) are critically reviewed and ex- 
tended in terms of mapping out changes in factor interrelationships. 
In Chapter 7, a more general framework is advanced for dealing with 
person X variable X occasion data. The latter is couched within the 
concepts of inter-individual differences, intra-individual differences, 


and intra-individual changes. 
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CHAPTER 6 
AN EXTENSION OF DEVELOPMENTAL MODELS THAT SEPARATE 
ONTOGENETIC CHANGES AND COHORT DIFFERENCES ! 

It has recently been proposed (Baltes, 1968; Cattell, 1970a; 
Schaie, 1965, 1970, 1973) that traditional longitudinal and cross- 
sectional methods used for assessing ontogenetic (age-related) changes, 
are at best incomplete, and that they should be viewed as special cases 
of a more general developmental model. The inadequacy of the simple 
cross-sectional method includes, among other things, the confounding 
of cohort (generational) differences with genuine age-related changes. 
The deficiencies of the simple longitudinal method include the inability 
to assess cohort effects, as well as contamination effects brought about 
through repeated measures on tne same individuals. For a more detailed 
discussion of these and additional criticisms of the two traditional 
developmental models, the reader is referred to the original articles 
as well as the references cited therein. It can be noted, however, 
that a resolution of some of the main criticisms of these two models has 
involved the adoption of sequential strategies (Baltes, 1968; Schaie, 
1965), a term that has not meant the same thing for Baltes and Schaie, 
and which will become clarified subsequently. 

The purpose of the present chapter is to provide a brief and 
selective critical review of the developmental models of Baltes, Cattell, 
and Schaie, which will lead up to extending these models that have 
attempted to separate effects in factor scores associated with age and 


ur extended version of this chapter is to appear in Buss (1973d). 
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cohort. Considered here will be changes in cognitive complexity as 
viewed from a multivariate perspective (the number of factors and their 
interrelationships). 

Three Factor vs. Two Factor Developmental Model 

Schaie's (1965) pioneering article on a general developmental 
model adyocated separating the sources for developmental change into 
the three components of age, time of measurement, and cohort differences. 
These three components were viewed as corresponding to maturational, 
environmental, and either environmental and/or genetic effects res- 
pectively. In order to adequately assess the effects of these three 
variables, Schaie outlined cross-, time-, and cohort-sequential methods. 
Briefly, each of these methods involves measures at several values on 
any two of age, time of measurement, and cohorts, thus yielding a 
possible totality of three bifactorial designs where the third component 
is always confounded. In the cross-sequential method, cohort and time 
of measurement are the two variables considered and age is confounded. 
For the time-sequential method, the variables are age and time of 
measurement where cohort is confounded, while the cohort-sequential 
method involves cohort and age thus confounding time of measurement. 
As Schaie (1965) recognized, the three components of age, time of 
measurement, and cohort are not independent, since specifying any two 
completely determines the third. In fact, this property provides the 
rationale for considering only two of these variables at a time, since 
a three-way analysis of variance is impossible given that all three 
variables cannot be independently varied. For meaningful results in 
any of Schaie's sequential methods, the assumption must be made that the 


confounded third variable is in fact not related to the dependent measure. 
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Baltes (1968) has criticized Schaie's formulations on two 
counts. First, only two components rather than three are required, 
since having specified say age and cohort, time of measurement is 
completely determined. The second criticism is that Schaie's attempt 
to identify age, time of measurement, and cohort differences as directly 
reflecting maturational, environmental, and either environmental and/or 
genetic effects respectively, is inadequate, since the former three 
variables simply classify individuals within the time continuum. 
Considering Baltes' first criticism, the nonindependence of Schaie's 
three components was clearly recognized in Schaie's (1965) original 
paper, and, as noted above, it was this property that necessitated the 
generation of three separate bifactoriai designs rather than a single 
trifactorial design. More recently, Schaie (1970, 1973) has responded 
to this criticism by reacknowledging the nonindependence of his three 
components, as weil as correctly asserting that it does make a dif- 
ference which two of the three components one considers. With respect 
to the last point, consider, say, a bifactorial design involving age 
and cohort, where the cells of this matrix are indexed by the completely 
determined third factor, time of measurement. If one were to then 
proceed to take age and time of measurement as the independent variables 
by appropriately rearranging the cells, and indexed the cells with the 
completely determined cohort factor, this second matrix would involve 
the same cells as the first matrix, but would be quite different. That 
is to say, the cells would be regrouped such that time of measurement 
would yield effects not identical to the previous cohort factor, while 
the age factor would yield identical effects across this instance of 


cell regrouping. This example may serve to make the point that, although 
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the three components age, time of measurement, and cohort are not 
independent, it is still logically possible to set up three separate 
bifactorial designs in the manner that Schaie has done which will yield 
different information. One may still question, however, the utility of 
this different information. 

Baltes (1968) has taken the nonindependence property of Schaie's 
three components as justification for considering only two components at 
a time, since a simultaneous analysis of the same data using more than 
one bifactorial leads to severe confounding. For substantive reasons, 
Baltes recommends one particular bifactorial (age X cohort) for 
addressing developmental questions. In Baltés' model, he has proposed 
both longitudinal and cross-sectional sequential data gathering 
strategies, where the former involves taking two cohorts and sampling 
across age, and the latter involves taking two adjacent cross-sectional 
designs where these are represented as diagonals in a cohort X age 
matrix (see Figure 10 below). 

Although the writer agrees with the adoption of Baltes' 
Single bifactorial model, it seems that thus far there has not been 
sufficient justification for it as an alternative to Schaie's model, 
since Schaie (1965) has from the beginning recognized the nonindependence 
of his three components. It would seem that further argument on this 
matter must involve the interpretation of Schaie's third component, 
time of measurement, since it is this variable that allows Schaie to 
consider two ‘extra' bifactorial designs. This third variable is one 


of the two independent dimensions in Schaie's time-sequential and cross- 
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sequential methods. Each of these methods is sutiable only when the 
assumption can be met that the dependent variable is not related to 
cohort and age differences respectively. Since most, if not all, 
developmental questions involve assessing changes on variables that are 
undoubtedly related to age and cohort, it would seem that Schaie's time 
and cross-sequential methods would be of little value for addressing 
developmental questions. It should also be noted that, whereas age- 
and cohort-related behavioral changes have significant independent 
meaning, it is difficult to conceive of what meaning time of measurement- 
related behavioral changes would have apart from translating this into 
age and cohort effects. It would seem that the intrinsic meaning of 
the concepts age and cohort would recommend their retention at the 
expense of discarding the concept time of measurement. That is to say, 
both age and cohort are independently meaningful when co-considered, 
as opposed to substituting time of measurement for one of them and then 
trying not to think in terms of the discarded component (age or cohort). 

In order to further clarify the above points, consider the 
following. In Schaie's (1965, 1970) earlier writings, he considered 
time of measurement as reflecting an environmental effect, while more 
recently (Schaie, 1973), he has used the terminology cultural change. 
Eckensberger (1973) has recently argued for including specific cultural 
variables in the general developmental models here being considered. 

Most relevant in the present context is that, in considering a given 
subpopulation that represents a certain value on a predefined cultural 
dimension, if there are no cultural changes with respect to that cultural 


variable, then there can be no nongenetic induced cohort differences 
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within that subpopulation with respect to that cultural variable. This 
observation serves to illustrate that cohort differences are largely 
defined in terms of cultural changes (as well as changes in the gene 
pool). In considering Schaie's time-sequential method, where time of 
measurement and age are the variables in question, the assumption must 

be made that there are no cohort effects. This is tantamount to assuming 
that there are no effects associated with cultural change. Since Schaie 
(1973) interprets time of measurement as reflecting effects associated 
with cultural change, this yields a serious contradiction in the time- 
sequential method. 

Further in regard to Schaie's functional interpretation of 
time of measurement as reflecting effects associated with cultural 
changes, it should be noted that Wohlwill (1970b), more correctly it 
seems, interprets this dimension as indicating effects associated with 
changes of a more situational kind, that is, temporary variations or 
aberrations in the testing situation. Such effects should be viewed 
as problems in research design, where such extraneous variables should 
be controlled for (and therefore not confound the age X cohort bi- 
factorial) by making test conditions uniform. In other words, time 
of measurement is not a construct of intrinsic interest on a par with 
age and cohort with respect to developmental questions, and it is best 
considered as associated with extraneous test variables that should be 
controlled for by an adequate research strategy. This observation again 
calls into question the usefulness of the concept time of measurement 
for generating the cross~sequential and time-sequential methods, as well 
as Schaie's interpretation of this concept as reflecting effects 


associated with environmental cultural changes. 
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Finally on this particular issue, a closer look will be given 
to how Schaie views the traditional developmental designs. There can be 
no argument that the simple cross-sectional design confounds age and 
cohort effects, and the way to unravel these two sources of variance is 
to employ Schaie's cohort-sequential method or Baltes’ age X cohort 
bifactorial. Schaie views both the simple longitudinal and time-lag 
(successive sampling of cohorts at the same age) designs as confounding 
age and environment or cultural change, and cultural change and cohort 
effects respectively. It should be noted that Baltes considers both of 
these simple designs as measuring pure age and cohort effects respec- 
tively. Assuming uniformity of testing conditions in the time-lag 
design, where different cohorts at the same age are successively sampled, 
it would seem that there can be no argument denying that this method 
taps pure cohort effects. The longitudinal design requires further 
consideration. Consistent with Schaie's view, it could be argued that 
the longitudinal design confounds "genetically programmed unraveling 
of behavior characteristics with cumulative effects of the interaction of 
organismic states with the environment (Nunnally, 1973, p. 82)". 
Nunnally (1973) in passing, however, seems to consider this view as not 
very sensible. It would seem that the most meaningful way to concep- 
tualize the longitudinal method is as follows. During the course of 
obtaining longitudinal measures, there are undoubtedly genetic and 
environmental factors operative. In terms of causing a specific 
behavioral form, both of these influences are 100% important and 
inseparable. Longitudinal measures for a given cohort may be viewed 
as pure age-related effects for that specific cohort. In other words, 


the definition of cohort embodies the idea that there are some specific 
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cultural or environmental changes that occur as age increases. Thus age 
effects are not to be considered in terms of the absence of the cumulative 
effects of the environment or cultural changes as Schaie would have, but 
in terms of a specific cohort (and thus a specific gene pool and a 
specific sequential pattern of cultural changes). In other words, 
effects associated with age are relative to a given cohort, rather than 
being viewed as occurring in some idealized ‘normal psychological 
environment' where the cultural changes, which in part define a given 
cohort, superimpose their effects on the ‘normal aging process’. The 
former view is especially potent and sensibie when considering psycho- 
logical variables, but also holds for traits of a physical nature. 
Height of persons, for example, seems to be increasing with each genera- 
tion, which is due to either genetic and/or environmental (e.g., better 
nutrition) factors. At which point in historical time should one 
consider age-related changes in height as occurring in a 'normal' 
environment -- 500 years ago, now,500 years hence? This problem may be 
avoided by considering age-related changes, as obtained by the longi- 
tudinal method, as reflecting pure age changes with respect to a given 
cohort, and thus with respect to a given gene pool and sequential pattern 
of cultural changes. it shouid be quickly added, however, that pure 

age (or cohort) effects, as defined here at the surface level, may still 
be broken down into deeper source components that account for individual 
differences. The latter issue has been more closely examined in Buss 
(1973d), where genetic and environmental variance components were shown 


to be applicable to both the age and cohort variable. 
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Changes in Cognitive Complexity 

The interpretation remaining to be done with the variables 
age and cohort does not detract from the value of the recent empirical 
Studies based upon these models. This growing body of research in the 
abilities domain (e.g. Baltes & Reinert, 1969; Nesselroade, Schaie, & 
Baltes, 1972; Riegel, Riegel, Riegel, & Meyer, 1967; Schaie & Strother, 
1968a, 1968b) and more recently in the personality domain (Baltes & 
Nesselroade, 1972; Woodruff & Birren, 1972) has found substantial effects 
associated with cohort differences. This line of research may be 
formally considered as dealing with changes in factor scores or the 
trait profile (Anastasi, 1958a). To date, the writer is not aware of 
any attempts to adapt these models to changes in the factor inter- 
relationships or trait pattern (Anastasi, 1970). In the latter, both 
changes in the number of ability factors and their interrelationships 
may be considered as indices for changes in cognitive complexity. 

That there is an increase in cognitive complexity associated 
with ontogenetic change underlies the major theories of cognitive 
development (e.g. Flavell, 1963; Lewin, 1935; Piaget, 1970; Werner, 
1948, 1957). This process of differentiation has served to refer to 
several aspects of cognitive complexity (Kagan & Kogan, 1970). For 
present purposes, the idea that it represents an increase in the number 
of units or dimensions (Bieri, 1961; Kelly, 1955; Lewin, 1935) will be 
considered. This notion of differentiation may actually be considered 
as part of the more general view that development is epigenetic in 
nature rather than preformative (Hunt, 1961, 1969). By epigenesis it is 
meant that in the course of development, new behavioral forms emerge 


which have properties not reducible to earlier forms. In the present 
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context, this implies an emergence of cognitive units or dimensions that 
are not reducible to previous dimensions. Preformation would deny the 
above by stating that the psychological structure is given at conception! 

The concept of differentiation has also received attention from 
people with a multivariate orientation towards structuring behavioral 
Change in the form of the ability factor differentiation hypothesis 
(Burt, 1919, 1954; Garrett, 1938, 1946). Evidence for changes in the 
trait pattern (factor interrelationships), or ability factor differen- 
tiation associated with age, has involved such things as an increase 
in the number of factors, lower interfactor correlations, and a decrease 
in the percentage of common variance accounted for by the first factor 
extracted. Recent reviews of the empirical evidence for the ability 
factor differentiation hypothesis (Anastasi, 1958a, 1970; Baltes & 
Nesselroade, 1973; Horn, 1968; Reinert, 1970), as well as a theoretical 
discussion (Royce, 1973a), have generally advanced a cautious affirma- 
tion as to its validity. 

The inability to muster strong empirical evidence thus far in 
favor of the differentiation of ability factors during development, appears 
to be more a function of the subtle methodological pitfalls associated 
with detecting this process rather than the possibility that it is not 
a significant phenomenon. This possibility is reinforced both by the 
observation that the concept of differentiation is central to major 
developmental theories as noted above, and that recent reviews of the 
ability factor differentiation hypothesis have been able to construct 
an almost endless list of deficiencies in design associated with 
spurious age-related changes. Two important sources producing 


contaminated age-related changes include the preponderance of cross- 
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sectional designs, which confound cohort effects, and discrepancies in 
factor analytic techniques. 

In considering the two methodological problems mentioned 
above, a systematic attack on the differentiation hypothesis that makes 
use of a uniform factor analytic technique and is also able to separate 
genuine age-related changes from generational or cohort-related changes, 
will more adequately resolve the extent to which ontogenetic changes in 
cognitive complexity occur over the life-span. Figure 10 presents a 
modification of Baltes' (1968) original model, where the cells contain 
separate R-technique factor analyses (correlating variables across 
persons at one occasion - Cattell, 1952) rather than persons' scores 
on factors the nature of which are assumed to be invariant across 
time. The subscripts refer to cohort and age respectively. Thus, 
rather than changes in factor scores, changes in factor complexity becomes 
the unit for analysis as revealed by the number of factors extracted 
or by the Noe bea of factor intercorrelations. | By applying a 
uniform factor analytic technique (see Harman, 1967, or Mulaik, 1972) 
where the criteria for commonality estimates, factor rotation, and the 
number of factors to be extracted remains constant, one may get a measure 


of cognitive complexity for each of the cells. Cognitive complexity 


lectrictly speaking, in order to adequately assess changes in factor inter- 
relationships, one should factor covariances rather than correlation coef- 
ficients, since the former are not subject to spurious changes due to 
alterations in sampling distributions from occasion to occasion. That is 
to say, the correlation coefficient involves a restandardization between 
occasions (it is actually a standardized covariance) that introduces 
sources of change due to the rescaling of variables. This leads to the 
necessity of considering factor covariance matrices (C__) rather than 


factor correlation matrices (R__) in assessing cognitive complexity. For 


a discussion of identifying changes in factor covariances, see Mulaik 
C1972, p. 353). 
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in a given cell may be defined by the number of factors required to 
account for the common variance, or by the average factor intercorrela- 
tion should the number of dimensions remain constant over a given time- 
span. To the extent that correlations between factors are not affected 
by changes in the dimensionality, cognitive complexity may be specified 
as some joint function of the number of factors and their average 
intercorrelation. 

In order to simultaneously consider effects associated with 
both age and cohort, one of the three sequential strategies should be 
employed. Each cell would require two independent R analyses in order 
to get an estimate of the error variance. It would be necessary to hold 
constant across cells the number of variables to be factored, since this 
would control for spurious differences in the number of factors extracted. 
Additional controls would include representative samples that are 
homogeneous within any generation with respect to educational experiences, 
general intellectual level, etc. Of course, it would not be desirable 
to rigorously control such sample characteristics between generations, 
since cohort effects are actually defined in terms of such population 
differences. 

In considering the possibility of ability factor differentia- 
tion over the life-span, it becomes necessary to subscribe to the view 
that such factors are changing in their basic nature (i.e., different 
factor pattern matrices or changes in factor loadings). That factors, 
or variables in general, undergo such structural change over time is 
generally accepted (Baltes & Nesselroade, 1970, 1973; Coan, 1966, 

1972; 1968; Nesselroade, 1970; Nesselroade & Bartsch, 1973). Such 


changes in factors within the context of differentiation over the 


-sianivoystht roast sgevave: sit Yd To .sdnshyEN memmaD eMtt 6 
-att Meytp 6 tsv0 tnsd ance ntgmey Zaotensmtb Yo vadinun add bT wore Lie 
batastis Jow ox8 210sos?-ngavited enottsiatioo Jens Inegxe odd oT’ +nege 7 
baftiosga sd Yom yrtxslqmod Svbstinpoo .yitlsnotenomtb eft nt esombda yd r 
spsrave ‘Yet bas 2votos? to sedmun of) To notsonu? Intol emoe 26 
-nottslaviworssat 
ijtw batstoos2s eiostte sebtenod yfevosnatiumte of vebto al 
ad bfuore sotpatsite Tertnoupse seats eft Yo ono .troroo bas 9gs Atod 
robo. oF 252y/en6 W-tasbdaqabar ows sviupor bivow [feo fo69 -bayotqms 
bfor ot yeb2e908n Sd Klvow 31 .gonafiav yorrs ait to otemit29 nb 2ap OF 
zidt sonre .bovotont od ot aeidsinsy to tedmun ond ef feo 220706 SmBteno> 
.batsavaxe zofIst Fo yadmun ont ni esoreisttib euefruge tot Townes bTuow 
sw falf zolqnse Svitelnszesqe4 sbufsat biuow 2fovtnos FenobstbbA 
zsonatyagas fenotspoubs- ot daaqzor ftiw notssvenee yas ntdsiv asoansgomor 
afdevteely od tow bruow Jt ,g2wo2 70 .2t9 ~ love! feustoelfodnt Isvenee 
. anobihensnes fistws3d 2ottetratosisio ofgmse Nous fovines yfevoropts of a 
nottefuqeq dove to emist nt bentteb yfiseutos sis efostts Ireroa sonte 
. egongyetttb 
-6t3HOVSTTTD 1of067 yth[fd6. to Vsilidizeda Sit pafvsbtenos al : 
watv sit of odfroedue ot yve22e09n eoninced JF .nage-STtt edz yevo nots 
snaysetth ..9.7) swten of2sd treddy af parensto Sys crobost dows tat | 
+2V0F08) isiT .(7pntbsof yoj357 if 2epnsto 10 esoTaten mveseeq rotoet 
2) omit evo spnaio [oqwdouryse dove oprsbi ,fsrsiep nt eofderrsy 0 
sade! .n60 :CXCT ,Oel ,ebporise2o" 8 zetia) betqsoow yl Terenep  ~ 
dau (DEK .toziys  sboviweesh 20NEF .obsorvfovean Baer ase yi 
Shr nave WonIsrinsw Tb To Yxsdnoo one titi 2t0d28T at ened ey) 
o ? 


vee * 7 7 Peaye a matna 


109 
life-span, preclude the desirability of carrying out factor matching 
procedures, since the basic criteria for assessing change (i.e., 
changes in the number of factors and/or the factor intercorrelations) 
is contradictory to establishing invariant factors, 

In considering the question of changes in cognitive complexity 
in a truly life-span spirit, there is growing evidence (reviewed by 
Baltes & Nesselroade, 1973; Reinert, 1970) that an integration -- 
differentiation -- integration sequence is most appropriate, and is 
parallelled by early childhood, childhood and adolescence, and adulthood 
and old age respectively. In terms of the present model, this view 
could be tested by carrying out trend analyses on the dependent mea- 
sures. Many developmental theorists, however, view differentiation, 
and its antithesis, integration, as occurring concurrently rather than 
consecutively (Bruner, Olver, & Greenfield, 1966; Flavell, 1963; 

Piaget, 1970; Werner, 1948, 1957). That cognitive development is 
characterized by increasing differentiation with hierarchical integra- 
tion, may be interpreted within the factor analytic model as an increase 


in the number of primary ability factors with a simultaneous increase 


'3this is not to deny the importance of establishing the identity of 
factors across different populations that are not defined by age dif- 
ferences (e.g., cultures), as well as across different variables and 
relatively short term time-spans between occasions. However, the attempt 
to match factors across populations (same or different individuals) that 
are defined by substantial age differences, with the attendant concern 
of devising scaling procedures for the purposes of quantitatively 
comparing such individuals (Cattell, 1969), is contradictory to ability 
factor differentiation over the life-span. Indeed, Cattell] (1971) and 
Coan (1966, 1972) have argued, for the ability and personality domains 
respectively, that the same number of dimensions are present in young 
children as compared to adults, which would seem to be a prerequisite 
for that special case of factor matching where the different popula- 
tions are defined by age differences. 
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in the order of higher order factors. The latter are obtained by 
factoring lower order factors. 

Finally, it should be noted that separating the effects 
associated with age and cohort for changes in cognitive complexity is 
descriptive in intent rather than explanatory. Significant effects 
associated with these variables should serve as an impetus for specifying 
the nature of the processes that bring about such changes. Variables 
associated with cohort differences, such as gene pool, educational 
level, technological advances, sociological and cultural changes, etc., 
will need to be explored. Concerning age-related processes, the 
original ability factor differentiation hypothesis (Burt, 1919, 1954; 
Garrett, 1938, 1946) was interpreted as a maturational phenomenon, while 
more recently (Anastasi, 1970; Cattell, 1971; Ferguson, 1954, 1956; 
Horn, 1968, 1970) cultural-learning mechanisms have been considered. 
Needless to say, both of these forces are operative and necessary for 


ability factor differentiation. 
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CHAPTER 7 
A GENERAL DEVELOPMENTAL MODEL FOR INTER-INDIVIDUAL DIFFERENCES, 
INTRA~INDIVIDUAL DIFFERENCES, AND INTRA-INDIVIDUAL CHANGES! 

The purpose of the present chapter is to consider, within a 
developmental context, the interrelationship between certain concepts 
that have been in the psychological literature for some time. This 
analysis will result in a general developmental model that will outline 
several descriptive data gathering strategies. Thus the concepts inter- 
individual differences, intra-individual differences, and intra- 
individual changes are defined in terms of sampling across one of the 
dimensions of individuals, variables, and occasions respectively. The 
possibility of co-considering a second dimension generates an additional 
Six data gathering strategies. Finally, a simultaneous consideration 
of the three dimensions of individuais, variables, and occasions yields 
an additional six data gathering strategies. Out of the total number 
of 15 data gathering strategies outlined, no less than 1] are defined in 
part by the occasion dimension and are thus appropriate for addressing 
ontogenetic or age-related changes. 

Before proceding to the main substance of this chapter, it 
should be noted that many of the ideas which follow have been previously 
discussed by several people with a multivariate orientation to the 
structuring of behavior, and especially those who make use of factor 
analyses. Points of contact between this previous work and the present 
effort are appropriately indicated below. The major impetus for con- 


sidering the possible data gathering strategies within the context of 


14, version of this chapter is to appear in Buss (1973e). 
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inter-individual differences, intra-individual differences, and intra- 
individual changes, is that previous pertinent multivariate work has 
typically been cloaked in rather technical terms, and which has, 
unfortunately, had little impact upon the average developmental 
psychologist. This state of affairs is probably a result of a combina- 
tion of factors, including any of the following in varying degrees: 
the nonavailability of much of this work to those in the developmental 
field; the lack of explicit attempts on the part of multivariate people 
to spell out developmental implications of their work for the average 
developmental psychologist; the mathematical and technical background 
required for understanding much of the relevant multivariate work is 
relatively quite demanding; and finally, the active avoidance response 
that a multivariate perspective often elicits from those who operate 
within a different framework. The intent of the present chapter is to 
elaborate on some of the more basic ideas concerning person X variable X 
occasion data that have been greatly extended by multivariate people, 
and frame these ideas within the familiar concepts of inter-individual 
differences, intra-individual differences, and intra-individual changes. 
The descriptive data gathering strategies to be outlined may be considered 
truly general, since the dependent variables may consist of measures on 
any type of variables (i.e., not necessarily factors) from various domains, 
and there is no need to undertake a factor analysis at any point in what 
follows. 
The Model 

In Figure 11, the concepts inter-individual differences, 

intra-individual differences, and intra-individual changes are defined 


in terms of Cattel]l's (1946, 1952) three dimensional data frame of 
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Figure 1] 
The three cases generated by sampling across each of the three dimensions 
of individuals, variables and occasions, are respectively inter- 
individual differences (INTER-ID), intra-individual differences (INTRA- 
ID), and intra-individual changes (INTRA-IC). 
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individuals, variables, and occasions. The dependent measure for each 
cell is an individual's variable score at a particular occasion. Thus 
inter-individual differences are defined by sampling across individuals 
for each variable at one occasion. Intra-individual differences are 
defined by sampling across variables for ac individual at one occasion. 
Finally, intra-individual changes are specified by sampling across 
occasions for each variable for one individual. 

Several comments can be made concerning the model in Figure 11. 
The main intent of Cattell's (1946, 1952) original model or covariation 
chart, was to explicate the total possible relations between persons, 
tests, and occasions, for carrying out correlational researches, although 
it was stated that other statistical techniques could, in principle, 
be applied. More specifically, six types of factor analytic techniques 
were outlined (R, Q, P, 0, S, and T) in terms of ‘what one correlates 
over what.' For example, the common R-technique involves correlating 
tests across people at one occasion, while P-technique is defined by 
correlating tests across occasions for one person. In other words, 
Cattell's covariation chart served the purpose of generating different 
kinds of factors (e.g., test factors, people factors, etc.) by considering 
different covariance relationships between the components of the three 
dimensions of tests, persons, and occasions. 

More recently, the original covariation chart has been extended 
‘by both Coan (1966) and Cattell (1966d), where the former has considered 
four dimensions (persons, variables, stimuli, and occasions) taken three 
at a time in various combinations of rows, columns, and entry elements. 
This procedure generates 24 factor analytic techniques. Coan's (1966) 


extension pays considerable attention to the relevance of these techniques 
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to developmental psychology, since most of them involve varying the 
occasion dimension, and thus deal with change data. 

Cattell's (1966d) own extension of his original covariation 
chart can be regarded as the most seminal contribution to setting out 
the possible data relational syetenseln In the expanded Basic Data 
Relation Matrix (or "data box"), a full 10 aieidionde (or sets) are 
used for indexing a particular datum. In considering a given relational 
system that is defined by a subset of sets, it may be analyzed in 
different directions, thus implying a somewhat vast number of data 
gathering strategies. It should be noted that this comprehensive data 
relational model makes no commitment to a particular statistical method 
(e.g., factor analysis), since a relational analysis is considered 
independent of the statistical analysis. 

Limiting the present treatment to Cattell's original three sets 


(individuals, variables, and occasions) which comprise a data frame 


Sanother important contribution to the theory of data is Coombs (1964), 
although it is not directly relevant to the present paper. Coombs views 
data as a relation on either a pair of points or on a pair of pairs of 
points (or dyads) represented in geometric space. Four sets are explored 
for indexing a particular datum, i.e. dimensions of an n-dimensional 
Space, trials, and two sets that refer to real world objects (e.g., 
individuals and stimuli). The four basic kinds of data that Coombs 
outlines include preferential choice data, single stimulus data, 

stimulus comparison data, and finally, similarities data. 


rhe 10 dimensions include five different types of entities, that is 
persons, focal stimuli, environmental background stimuli, responses, 

and observers, and respectively five variants which specify the condition 
each of these is in, that is states of persons, variants of the focal 
stimulus, phases of the environmental background stimuli, styles of the 
responses, and finally, the conditions of the observers. As the reader 
may have suspected by now, Cattell's (1966d) treatment of data relational 
systems is quite extensive, comprehensive, analytic, and demanding, 

and the present brief treatment is unable to do it full justice. 
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(i.e., more than two sets.- Cattell, 1966d), it will now be useful to 
consider some specific data gathering strategies in terms of familiar 
concepts, and which will be of particular interest to the developmental 
psychologist. Figure 12 extends the concepts of inter-individual 
differences, intra-individual differences, and intra-individual changes 
by considering the six possible ways of comparative sampling across each 
of the three dimensions. That is to say, for each of the three dimensions, 
the simple case is indicated where at least two components or ids 
(Cattell, 1966d) are sampled across each of the remaining two dimensions 
or sets. The six cases are: (a) inter-individual differences in intra- 
individual differences, where individuals are compared in terms of 
sampling across variables at one occasion; (b) inter-variable differences 
in inter-individual differences, where variables are compared in terms 
of sampling across individuals at one occasion; (c) inter-occasion 


differences (changes ) in intra-individual differences, where occasions 


are compared in terms of sampling across variables for one individual ; 
(d) inter-variable differences (intra-individual differences) in intra- 
individual changes, where variables are compared in terms of sampling 
across occasions for one individual; (e) inter-individual differences 
in intra-individual changes, where individuals are compared in terms of 
sampling across occasions for one variable; and finally, (f) inter- 
occasion differences (changes) in inter-individual differences, where 
occasions are compared in terms of sampling across individuals for one 
variable. 

Each of the above six data gathering strategies is defined by 
what is compared, which gives the first aspect or the inter-individual 


differences, inter-variable differences, or inter-occasion differences 
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Figure 12 
The six cases generated by comparative cross-sampling for the simple 
case where only two components from one dimension are compared in terms 
of sampling across a second dimension. Abbreviations for the following 
terms are indicated in brackets: individual differences (ID); individual 


changes (IC); variable differences (VD); and occasion differences (OD). 
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part, and in terms of what set is sampled across, which gives the second 
part or inter-individual differences, intra-individual differences, or 
intra-individual changes aspect. The two inter-occasion comparison 
cases (c and f) may be considered as changes through time. It may be 
appropriate to consider the d case as intra-individual differences in 
intra-individual changes, since different variables are compared in 
terms of intra-individual changes. This observation reveals that there 
are two distinct ways of operationalizing the concept of intra-individual 
differences in Figure 12 -- by sampling across variables for one individual 
at one occasion (a and c), and by comparing variables in terms of sampling 
across occasions for one individual (d). Similarly, there are two 
distinct views of inter-individual differences -- by sampling across 
individuals for each variable at one occasion (b and f), and by comparing 
individuals in terms of either sampling across variables at one occasion 
(a), or by sampling across occasions for one variable (e). 

Although each of the six cases in Figure 12 are indicated by 
only comparative sampling for two ids, the more general case would involve 
an entire two dimensional matrix or facet (Cattell, 1966d). Thus, 
cases a and b, for example, would involve the same data from an 
individual X variable facet at one occasion, but in a one would first 
sample across variables for each individual and compare the latter, 
while in b one would first sample across individuals for each variable 
and compare the latter. A similar situation exists for the remaining 
four cases in Figure l2. 

Since the a and b data gathering strategies are carried out 
at one occasion, they are not particularly useful for addressing 


developmental aspects of changes in variable scores, unless one 
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co-considers the third dimension of occasions (see below). In contrast, 
the remaining four data gathering strategies, which involve in part 
sequential dependent measures or changes in variable scores through 
time, would be especially useful developmental paradigms. In con- 
sidering the two cases that sample across the occasion dimension (d and 
e) and are thus concerned with intra-individual changes, the focus of 
interest in comparing either variables (d) or individuals (e) requires 
that the unit for analysis be the plotting of the entire set of variable 
scores through time. A useful statistical technique that could be 
employed here would be testing for trends (Kirk, 1968). This focus 
on the pattern of changes in variable scores may be contrasted with 
the other four cases, where the unit of analysis for making comparisons 
would be variances. In the a case, for example, where inter-individual 
differences or comparisons are made with respect to intra-individual 
differences, the appropriate index for the latter is a measure of the 
within person variance of variable scores at one occasion. In order 
to compare variables at one occasion in terms of inter-individual 
differences (b), again it is a variance measure that captures the 
extent of the inter-individual differences. A similar situation holds 
Forecases Ceandat., 

Variable scores are typically standardized across individuals 
for each variable at one occasion. This common practice will need to 
be avoided in the present scheme, since it would result in identical 
variances for each variable at each occasion (the variance of a 
standardized variable is equal to unity). If such a standardizing 
procedure were adopted, it would be impossible to detect inter-variable 


differences in inter-individual differences (b). By a similar argument, 
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it would be undesirable to standardize each variable across occasions 
for each person, each aceacion across variables for each individual, etc. 
What is necessary for meaningful comparisons for all six cases is to 
Standardize each variable in terms of both individuals and occasions, 
i.e., across each rectangular 'slab' or facet for each variable. In this 
way, Spurious identical inter-individual differences variances for each 
variable at each occasion that are brought about by artificial rescaling 
procedures, are avoided. One of the advantages of standardizing in the 
manner being recommended here is that absolute changes in variable scores 
that result in either higher or lower values will result in correspond- 
ingly higher or lower standard scores, since variables are not re- 
Standardized within each occasion. The reader would be well advised to 
work through each of the six data gathering strategies, keeping in mind 
the standardizing procedure being advocated, in order to realize that 
such a uniform policy truly permits meaningful results for all six cases. 
In Cattell's (1966d) treatment of standardization as it 
relates to the "data box" (more specifically, a restricted three dimen- 
sional version), he outlines three types that are distinguished on the 
basis of what is standardized. Standardizing over a column of referees 
(those entities to which the relationship refers) is called normative 
standardization, over a row of relatives (the things that are to be 
related) is ipsative standardization, and finally, over a "file" of 
off-set ids (across the third set or dimension) is known as abative 
standardization. Most relevant for present purposes is to note that, 


if one were to adopt any een of these standardizing procedures, where 


7. Cattell (1966d) has noted, it is normally impossible to double 
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each id from the two sets is standardized across ids from the third set, 
it would be impossible to obtain meaningful results within the present 
framework. Thus, rather than standardizing singly each column (or row 
or file), each entire individual X occasion facet should be standardized 
for present purposes. 

It is possible to extend each of the six data gathering 
strategies outlined above in that situation where one also samples through 
the third dimension. In other words, there is a three-step process 
here, where one first samples across the first dimension, compares such 
sampling in terms of the ids or components on the second dimension (the 
Six cases just outlined above), and then proceeds to sample the compari- 
sons of cross-sampling through the third dimension. In the complete 
three-step procedure, two dimensional ‘slabs' or facets are compared. 
This process generates six cases, where those data gathering strategies 
in Figure 12 are now moderated by a term referring to the third 
dimension that is sampled through. Figure 13 illustrates the complete 
three-step procedure for the simple case where two ids (which have been 
sampled across on one dimension) are successively compared across the 
third dimension. The more general case would involve successive 
sampling of entire facets through the third dimension. As before, the 
latter procedure could involve the same data for various cases, but it 
is the operational sequence of the three sampling steps that determines 


the six separate relational systems. The six three-step cases in 


Figure 13 are: (a) inter-occasion differences (changes in inter-individual 


standardize across, for example, both individual rows and individual 
columns, since the first standardization will be thrown off by the second, 
and vice versa. Cattell discusses, however, certain procedures that 

may eventually lead to solving this problem. 
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Figure 13 
The six cases generated by sampling through the third dimension, the 
labelled comparative cross-samplings. The simple case is indicated, 
where only two cross-samp1 ings are successively compared through the 


third dimension. Abbreviations for the following terms are indicated 


in brackets: individual differences (ID); individual changes (IC); 


variable differences (VD); and occasion differences (0D). 


oN eh See 


WOIVIDUALS 


INTER-VO IN INTER-1D 


WLER-OD WW AWTERAD 


4 — 
‘ta¢ fs° Lie F SONET 


ic Ue ny U@re Siunren tos ae tt 


nos anomt be hen at 
z rene trig. 2re ge Ring 
ebaseokbar cet: ge6acok 


std. dawordt sbeveqnod iGviatiel snes neen wou 
haasorbnt sh anya piitwaktetysdiitc?: bibidiskeishnha anit paca ; 


sie nts. tex ae & F bk thied Te ORePKP, 
(QD) zapnsi2, faubevébat ‘tO paondio?t HHAREaBey Hast + ~padanosté nt . 
Pt AA © Leos \ 7 

(aa) esonarathi noteso20° bits (av) ceonayetith ofdstysyv 

- Lope) wi re wate? crairing Hragt at 
Metouyeae§ ) Uc he 1 coed Mos Pa PT ogee ore 
34 Peat by > Henut : eh whe) Cokes be 
;"o 


q 


jeve lest touts 
i ante the Wiers 
f iota ar us. . 


VOT 


i 
+ 
i 
tisareeé 
| 
ery 
' ‘ 
Ve aint gues _ 
_ ae a> . ass fm — ew ‘a73 Mapes ips wid!) expire : ‘a 
Sir ae OO rie ht becheee Fete 1972 Menhersairpss ; 
> 
- . : 7 
— Fon? ech 


 - @0~ >” Reuter FO) Mee Se? ZALAETS of GEREAING SPhee 


128 


differences in intra-individual differences, where the-variances *refiliect= 
ing the extent of intra-individual differences for each individual at an 


occasion are compared for individuals through time or the occasion 


dimension; (b) inter-occasion differences (changes) in inter-variable 


differences in inter-individual differences, where the variances reflect- 
ing the extent of inter-individual differences for each variable at an 
occasion are compared for variables through time or the occasion dimen- 
sion; (c) inter-individual differences in inter-occasion differences 
(changes) in intra-individual differences, where the variances reflecting 
the extent of intra-individual differences for each occasion at an 
individual are compared for occasions through the individual dimension; 
(d) inter-individual differences in inter-variable differences (intra- 
individual differences) in intra-individual changes, where the plots of 
variable scores across occasions at an individual are compared for 
variables through the individual dimension; (e) inter-variable differences 
in inter-individual differences in intra-individual changes, where the 
plots of variable scores across occasions at a variable are compared for 
individuals through the variable dimension; and finally, (f) inter- 
variable differences in inter-occasion differences (changes) in inter- 
individual differences, where the variances reflecting the extent of 
inter-individual differences for each occasion at a variable are compared 
for occasions through the variable dimension. 

Although these extended six data gathering strategies may 
appear quite complex prima facia, acquiring a firm conceptual understanding 
of them may be facilitated by working backward through the three steps 
and, consequently, their verbal designations. For example, in a or 


inter-occasion differences in inter-individual differences in intra- 
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individual differences, the focus is initially upon the extent of intra- 
individual differences in variable scores at one occasion and one 
individual as reflected by a variance measure. If one were then to 
proceed to compare yh variances for two individuals at one occasion, 
we arrive at the two-step concept of inter-individual differences in 
intra-individual differences. Considering now the third dimension of 
occasions, where individuals are now compared through time (occasions) 
in terms of the extent of intra-individual differences in variable 
socres, we arrive at the three-step concept of inter-occasion differences 
in inter-individual differences in intra-individual differences. One 
may work backwards in a similar fashion for each of the six extended 
cases in order to fully grasp their conceptual significance. The 15 
data gathering strategies for inter-individual differences, intra- 
individual differences, and intra-individual changes, are summarized in 
Table 3 in the order presented above, where the first three cases 
consider multi-ids on only one dimension, the next six cases on two 
dimensions, and the last six cases on all three dimensions. 
Discussion 

Brief recognition should be given at this point of the many 
attempts on the part of multivariate people to deal specifically with 
individual X variable X occasion data, where the aim has been to derive 
factors within the context of change. Some of these models involve 
observing both changes in factor loadings and factor scores across time 
(Baltes and Nesselroade, 1970, 1973; Bentler, 1973; Cattell, 1970b; 
Corballis & Traub, 1970; Nesselroade, 1970; Nesselroade & Bartsch, 1973). 
Other models specify data on separate occasions by either a constant 


matrix of factor scores and separate occasion matrices of factor loadings 
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Table 3 
Data Gathering Strategies for Inter-Individual Differences, 
Intra-Individual Differences, and Intra-Individual Changes 


Dimension 1 Dimension 2 Dimension 3 


Sample Across Compare On Sample Through Type 

individuals no no inter-ID 

variables no no intra-ID 

occasions no no intra-IC 

variables individuals no inter-ID in intra-ID 

individuals variables no inter-VD in inter-ID 

variables occasions no inter-OD in intra-ID 

occasions variables no inter-VD in intra-IC 

occasions individuals no inter-ID in intra-IC 

individuals occasions no inter-OD in inter-ID 

variables individuals occasions inter-OD in inter-ID in intra-ID 
individuals variables occasions inter-OD in inter-VD in inter-ID 
variables occasions individuals inter-ID in inter-OD in intra-ID 
occasions variables individuals inter-ID in inter-VD in intra-IC 
occasions individuals variables inter-VD in inter-ID in intra-IC 
individuals occasions variables inter-VD in inter-OD in inter-ID 
Note: Abbreviations for the following terms are indicated in brackets: 


individual differences (ID); individual changes (IC); variable 


differences (VD); and occasion differences (OD) 
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(Fleishman, 1954; Fleishman & Hempel, 1955; Harris, 1963), or a constant 
matrix of factor loadings and separate occasion matrices of factor 
scores (Corballis, 1965; Horst, 1965). Tucker's (1963) multimode 

method is able to handle data that is indexed by three dimensions, 

and permits detecting person, variable, and occasion factors simul- 
taneously. Two excellant reviews of most of these models have been 
provided by Bentler (1973) and Nesselroade (1970). 

It has recently been advocated that at the very core of any 
study of psychological development should be an approach that is con- 
cerned with inter-individual differences in intra-individual changes 
(Baltes & Nesselroade, 1973; Wohlwill, 1970a). In the present frame- 
work, this view may be considered as only one of four possible two- 
step approaches that are capable of dealing with developmental phenomena, 
i.e., that are defined in part in terms of the occasion dimension. The 
addition of the six three-step cases, which are all in part defined by 
the occasion dimension, gives the developmental researcher a wide 
variety of data gathering strategies from which to choose. 

It is possible to work through the various data gathering 
strategies in terms of groups of individuals rather than single 
individuals. In Cattell's (1966d) terminology, this could be viewed as 
a modified (three dimensions rather than two) face, where the data 
entries (means) are values obtained by condensing a whole series of 
off-ids (individuals). This approach permits considering inter-group 
differences, intra-group differences, and intra-group changes in all 
of the two- and three-step paradigms from Table 3. Such groups may be 
defined by age differences, sex differences, cultural differences, 


personality differences, ability differences, etc. For that situation 
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where the groups are differentiated by age differences at a particular 
occasion, and one sampled through the occasion dimension in the various 
ways set out, this may be viewed as a cross-sectional sequential 
strategy (Baltes, 1968), where a given cross-sectional sample is 
sequentially sampled through time. Where the groups are defined in 
terms of differences from one domain (e.g., personality, ability, 
or motivation) and the dependent measure is variable scores from 
another domain, the question at issue would be the relationship of one 
domain to changes and/or differences in another domain. It would also 
be possible to define the groups in terms of a variable from a given 
domain, and adopt variables from that same domain as the dependent 
measures. 

If one were to consider a special type of variables in the 
present scheme, namely factors, this would serve to accent the general 
requirement that, across occasions (or groups) the variables must be 
conceptually identical, that is, measure the same construct. With 
respect to factors, there are a myriad of problems associated with 
establishing their structural invariance across time and/or across 
groups (Cattell, 1969). Since it has already been noted that the 
nature or meaning of factors may change across time or groups as revealed 
by "real" changes in the factor loadings, this will preclude considering, 
in the present model, factors as variables, except in that instance 
where structural invariance has been demonstrated. The latter condition 
will most likely obtain when the occasions are over relatively short 
term time-spans and/or the groups are drawn from a relatively homo- 
geneous population. 


In conclusion it should be noted that the purpose in this 
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chapter has been to explicate the concepts of inter-individual dif- 
ferences, intra-individual differences, and intra-individual changes 

in terms of the three dimensions of individuals, variables, and 
occasions. In this way, an array of descriptive data gathering 
strategies has been generated which may be of particular interest to 
those in the field of developmental psychology. In the following 
chapter, a recursive-nonrecursive factor model is elaborated within the 


context of mapping out developmental causal networks. 
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CHAPTER 8 
A RECURSIVE-NONRECURSIVE FACTOR MODEL AND 
DEVELOPMENTAL CAUSAL NETWORKS 
In the present chapter, a general model for recursive- 
nonrecursive causal networks of factors will be outlined. The technical 
machinery required for operationalizing the model, in terms of analyzing 
empirical data, will be briefly indicated. Finally, some of the more 
recent existent multivariate developmental theory will be briefly noted 
within the present scheme. 
The Model 
Figure 14 (a) sets out the causal relationships between 
factors and a performance variable as implied by the causal structural 
equation of the type [1], where the symbol for factor scores is now an 
upper case X which will prove advantageous in this chapter. Here it 
can be seen that factors X, and X, determine performance on variable 
X,- For ease of presentation, the factor loadings or b's have not been 
inserted to specify the value for each of the determining ‘arrows’, 
as well as the exogenous influences that are 'extra' the endogenous 
factors that comprise this particular model. Figure 14 (a) represents a 
recursive model, where the direction of causal determination is one 
way, i.e., there is no provision in the system for mutual determination. 
In Figure 14 (b), mutual determination at the level of the variables 
Xq and x, is indicated by the two-way directional arrow. This represents 


a nonrecursive causal property between the two variables. © In this 


18the definition of recursive and nonrecursive is taken from Van de Geer 
(1971), who points out the counter intuitive use of these terms. In 
other contexts, the term "recursive" implies that a certain state x ata 
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situation, performance on variable X, is an additive function of the 
weighted scores on factors X, and X, as well as variable X5- A similar 
statement can be made for variable Xo. It is possible, of course, to 
specify say variable Xy in terms of factors only, i.e., the Xo variable 
component that would appear on the right side of [1] could be translated 
into factors X3 and X,- The interpretation of this situation would be 
that the causal structure of variable X, iS now represented completely 
in terms of ‘ultimate’ determiners. 

Although Figure 14 is presented in terms of the factor analytic 
model, i.e., factors determine variables, it is possible to view this 
model as a special case of path analysis. Path analysis attempts to 
get at the causal structure of a set of variables where these variables 
are ordered in time. In dealing with factors as well as traditional 
variables, and if one were to extend the causal network over time (see 
below), it can be appreciated that the argument for factors as deter- 
miners may find considerable support from the path analysis model. The 
formal similarities between factor analysis and path analysis have been 
noted by Van de Geer (1971). 

The model to be presented is an extension of Figure 14 (b), 
i.e., additional factors are considered at later points in time. This 
provides for a type of path analysis of factors and variables in order 
to map out developmental causal networks. Figure 14 (b) may actually 


be viewed as a recursive-nonrecursive model, since there are both 


given point in time is a function of state x at an earlier point in 

time (as well as other variables). Van de Geer's use of recursion would 
not be inconsistent with the latter view (since unidirectional causation 
could involve a variable that is a function of itself at a later time), 

but he fails to mention the richer meaning of recursion. 
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Figure 14 
An example of a recursive (a) and a recursive-nonrecursive (b) causal 


situation. (a) 


(b) 


TIME 


132 
recursive and nonrecursive properties built into the system. Three 
distinct aspects of the recursive-nonrecursive model are considered 
below. These include: within vs. between domain nonrecursive aspects; 
within vs. between domain recursive aspects; and finally, a further 
distinction to be made within the within domain recursive case con- 
sisting of different vs. same factors. Figure 15 summarizes the six 
cases thus generated, where the cells are indexed in the order that they 
will be considered. 

Figure 16 (a) and (b) represent a sequential causal network 
for cases 1] and 2 respectively. In Figure 16 (a), all the factors at 
time t are from the same domain (e.g., ability, personality, or 
motivation factors), the variables at time t, are within this same 
domain, while the factors at time t, are froma different domain. Given 
this situation, along with the causal relationships indicated, case 1 
may be called the between domain recursive-within domain nonrecursive 
model, since there are recursive properties from one domain to another 
(Xq>x,>7, etc.), as well as a nonrecursive property within a domain 
(x) Xo). The interpretation of Figure 16 (a) beginning at the top 
left hand side, would be that, factors X, and X, at time t, determine 
variable x, from the same domain at time to. Variable x, is also 
determined by (and determines) variable X5. Factors Y, and Y, at time 
ty, which are from a different domain, are determined by variable Xy- 

Of course there would be exogenous determining influences that would 
contribute to each of the factors and variables in this model (e.g., 
factors in the Y domain would also be determined by variables and/or 
factors from that domain), although they are not represented in this 


particular causal network. If one were to specify the determinants of 
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-Figure 15 


The possible types of recursive-nonrecursive models. 
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Figure 16 
A between domain recursive-within domain nonrecursive model (a) and a 


between domain recursive-between domain nonrecursive model (b). 
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any of the factors at time tz in terms of ultimate influences, this 
would involve constructing a specification equation like [1] for each of 
the Y factors in terms of the four X factors. 
Figure 16 (b) represents a between domain recursive-between 
domain nonrecursive model. In this situation, factors or variables 
from different domains are present at each point in time, providing 
for a nonrecursive property between domains (x, <2y,). Thus the 
variables at time t, are specified by both within and between domain 
sources of influence, while the same holds true for the factors at 
time t, if one were to consider the ultimate determiners at time t,. 
Figure 17 (a) and (b) illustrate within domain recursive- 
within domain nonrecursive and within domain recursive-between domain 
nonrecursive models respectively. In both of these cases, the factors 
at time t, are from the same domain as those at time t,, although each 
of the two pairs of factors in a recursive relationship with each of 
the variables at time t, are different from each other. Interpreting 
Figure 17 (a) and, say, factors X3 and X, at time t,, they are 
immediately determined by variable Xy from the same domain, or in 
ultimate terms, by factors from the same domain (including those factors 
themselves, i.e., X4 and X, at time t,). In considering Figure 17 (b) 
and factors X3 and Xq> these factors may be viewed as being ultimately 
determined by the four factors from two domains at time t)> given the 
indicated relationships. This observation would seem to contradict 
part of its definition, i.e., that it is within domain recursive. 
However, the between domain recursive aspect in terms of ultimate source 
determiners is actually mediated by the nonrecursive property (x1Y])> 


and therefore does not alter the original interpretation, especially 
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Figure 17 
A within domain recursive-within domain nonrecursive model (a) and a 
within domain recursive-between domain nonrecursive model (b), where the 


factors on each side of the variables at time t, are different. 
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when considering immediate influence sources. 

Figure 18 is identical to Figure 17 except for the arrangement 
of the factors at time t,. In Figure 18 (a), the within domain 
recursive-within domain nonrecursive model has the same factors on each 
side of variables Xy and Xo» while a similar situation exists for the 
within domain recursive-between domain nonrecursive model in Figure 18 
(b), i.e., one side is the mirror image of the other side. The inter- 
pretation here would be that variables at time t, are determined by 
certain factors as well as a within (a) or between (b) domain variable. 
These variables in turn determine at a later time t, those same factors 
that originally partially specified those variables. Reduced to the 
essentials, we have here a situation where a factor determines a 
variable which in turn determines that same factor at a later point in 
time (e.g., X47X17X,). This looks suspiciously like an additional 
nonrecursive property, given the identities and reiationships of the 
factors in this formally recursive situation (unidirectional arrows). 
It is the time sequence, however, which distinguishes this recursive 
situation that masquerades as nonrecursive, from the genuine nonrecursive 
situations that exist at time ty in Figures 16-18. In the latter case, 
two variables mutually influence each other at the same point in time. 
This simultaneous mutual deterministic relationship does not exist in 
the recursive aspects of Figure 18 (a) and (b). 

Having formally set out in a simplified manner the various 
types of recursive-nonrecursive factor models for abstracting develop- 
mental causal networks, it should be noted that there is considerable 
flexibility in terms of interpreting the various components. Although 


factors and variables from two domains have been considered in distinct 
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Figure 18 
A within domain recursive-within domain nonrecursive model (a) and a 
within domain recursive-between domain nonrecursive model (b), where the 


factors on each side of the variables at time ty are the same. 
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time sequences, i.e., variables always occurred at time tos it is pos- 
sible to have situations where variables occur at times t, and t,. The 
variables may also be replaced by within or between domain factors. One 
could also consider the variables as higher order factors, or, complex 
criterion performance variables that cut across domains (e.g., school 
or job performance). These are only some of the possible interpreta- 
tions of the components in these models, and they are considered 
subsequently in terms of current multivariate developmental theory. 

The observation that the components in the preceeding models may assume 
diverse identities serves to reinforce the point that they are indeed 
general models for mapping out developmental causal networks. 

Before turning to the psychological interpretations of the 
recursive-nonrecursive models, brief mention should be made as to the 
technical procedures required for operationalizing the mapping out of 
developmental causal networks as described above. Van de Geer (1971) 
has summarized two techniques for analyzing nonrecursive models with 
recursive aspects, which may be formally considered as similar enough 
to the models discussed above such that these techniques would be 
applicable within the present framework. These techniques were 
originally discussed by Goldberger (1964) nati the context of econo- 
metric theory. Because of the nontechnical nature of the present text, 
as well as the excellent readily available summary by Van de Geer, 
these computing procedures will not be reviewed here. 

Discussion 

That factors may be especially useful theoretical constructs 

when their inter-relationships are considered was first noted in Royce's 


(1963) pioneering article. What Royce did was to entertain the idea that 
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a given structure of factors may be conceived as specifying a particular 
nomological net, i.e., an interlocking system of constructs which con- 
stitute a theory. In this view, higher order factors are considered 
further removed from the empirical data and thus penetrate much deeper 
within the nomological net. Such factors constitute broad, explanatory 
constructs which account for a relatively larger number of lower order 
factors. |” 

Cattell (1965) has greatly extended the idea that inter-factor 
relationships may produce useful theoretical models. Critical here is 
Cattell's concept of a general reticular (netlike) model, where factors 
as influences are allowed to operate upon one another in all manner of 
directions. This means that factors may influence other factors within 
or between domains as well as within or between factor levels or orders. 
Nonrecursive properties are dealt with in what are called two-way or 
feedback models. No attempt is made in these models, however, to 
explicitly build in the time dimension as has been done in the recursive- 
nonrecursive models above. 

Because of the lack of sufficiently sophisticated data analyzing 


procedures at the time, Cattell (1966b) recommended that we should "put 


one criticism of higher order factors is that since the unique variance 
that is discarded is actually common variance at the first order, higher 
order factors "explain" even less than the primaries. One could respond 
to this criticism by stating that as one move up the factor strata a 
smaller and smaller "core meaning" is arrived at which should not be 
expected to account for the common variance at the test level as well 

as the first order factors. Another point that should be mentioned here 
is that the observation of time sequences would greatly enhance the idea 
that higher order factors determine lower order factors. An example 
here would be in the ability domain where "g" prevails at lower age 
levels and the primaries at later age levels (see Chapter 6 and the 
differentiation of abilities). 
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the general reticular model 'on the shelf' for more advance study", 
and confine our attention to the one-way stratified model, where factors 
at higher levels or strata determine lower strata factors. In light of 
the recent sophisticated procedures for handling nonrecursive models as 
developed within econometrics, it may be time to re-evaluate Cattell's 
recommendation, Indeed, more recently, Cattell himself (Cattell, 1971) 
has ventured further (and once again alone) into this area by speculating 
on nonrecursive or two-way causal interpretations for both between 
and within domain situations as well as across different factor stratas. 
Briefly, this view revolves around what Cattell calls the triadic theory 
of abilities, which includes three distinct types of abilities, i.e., 
capacities such as fluid intelligence and general speed, provincials 
such as visualization and auditory organization, and agencies which 
include the traditional primary ability factors. It is hypothesized 
here that there is a two-way causal relationship between the capacities 
and provincials, as wel] as between the agencies and the crystallized 
intelligence factor. It would seem that if one were to explore these 
relationships systematically, it would be advantageous to adopt the 
within domain recursive-within domain nonrecursive model with the 
attendant possibility for operationalizing the sequential data gathering 
steps. Cattell also considers several instances where personality 
factors may influence abilities and where ability factors may influence 
personality during development. Any of the models that consider between 
domain influences would be appropriate for examining these issues. 

The specification of complex criterion variables such as school 
performance and creativity has been extensively considered by Cattell 


(1971) and Cattell and Butcher (1968). Critical here is the idea that 


vo 
© , 


¢ “ytiade sind nae tate 
eroiant avedu .fabon bert heade yEyseno-adt 94 nottnosye wo saPhneD bas 
to jnpt{ nl, .2ndtost etstte sis assed isterte 10 2tevel ‘ongtt ts ‘ : 
26 2fabom ayfewosnon pnt lSael ot 2a9ubsa0%4 bavsottetigqoe tngoay sit “a 
2' \fedt6o staulsyve-s7 0? smit ed yom df , 27¢seamonoos nitdetw beqotsveb 
((\ef , Potts) teenth Tatts ._linscey stom .bsebnl .nordebasmmose 
prfisfuosge yd se45 atid oint (anole nfsps sono bas) todd? bewensv esd 
neawied fod iOt enolisterqysdnr [seuso yvew-ows vo Ssvrewosinon no 


Tet 


entavte “oijet twevesTTib 220496 26 Sisw 26 2notseutte nfamob ntidiw bs 
ytoodt orbet+s ond ef fsa [fotssd tedw bavevws esvfoved welv eft utes 
of ,29tirltts to 2sqyt sontietb esas esbulont dobtw .esteti ide to 
z{stonivoyg ebasge fsrensp bis soaspéffetnt brult 2s dove estétosges 
dofnw 2sfonaps bas ,notsssinapyo yrottbus bas qofssstfsuety e6 dove 
sestzed3ogyl 2f G1 .2vojaet yttitds yxeminxg Fenotttberd odd ebulont 
2sriFoaqes oft neewtod gidenottslon [seuso yiw-ow? 6 2f svedd tedd esd 
bssiffateyy sit bos estorses oft osewtsd a6 Paw es .2istontvor bis 
saany syolgxo of stew sno TF Jedd meee bluow 3] = sotoRt sonspt{fetat - 
oNt 3qcbs of evospsinevbe od bhuow ti yl fsotdemesteye eqtaanoteater 
Sd3 attw fabom svFewaennan niamob. aidthw-syfewse ntemob ntddiw 
onfvangép sisb Totinoupse sold pnistPenorseysgo yo? ysi{idizaoq Inabnetts 
utrintozysa snow 2esonssear PRaavee 21abf2enog cata (fetid -eqete 
avout, yon evosost yti lids syeiw bas estaifeds soneuttoh yam 2703987 
neswi sd oblang: tads 2zishom saz YO yan  Snemqo favs parsub yt fsno23q 
Sauget o2odtpatniiagxs oF sleainpevets ad biwow esanant tnt atsrob 
lobtae 2m ildue z9Tdahisy notisttio: xaTqno +6, nghinotttoeqe BAT Mn 
FHifHO yd, bovebianos yFavteniene ‘ged, 26 XS tvERB To. ba — 
Sor aE sag’ of SySH ior aey9 (80) omen TTotde2 bow (oe 7 


142 


each of the domains of personality, abilities, and motivation, contribute 
in approximately equal amounts to performance. In considering develop- 
mental aspects of creativity and school performance, Cattell distinguishes 
between present action and developmental equations. The latter are 

viewed as specifying the cumulative effects of past experience to present 
performance level. It would seem that a sequential analysis through 

time in a manner outlined above may provide the means for operation- 
alizing the notion of developmental structural equations. 

In conclusion, it should be noted that the general recursive- 
nonrecursive factor model outlined here may prove quite useful for mapping 
out developmental causal networks. This operational model has the 
advantage of simultaneously dealing with recursive and nonrecursive 
causal properties, as well as having time sequences explicitly built 


into the system. 
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EPILOGUE 

Given the nature and format of the present dissertation, the 
various issues involved in changes in ability factors have been examined 
and discussed in each of the various preceeding chapters. It is not 
the intent at this time to review these major issues and conclusions, 
since each of the above chapters can speak for themselves. The writer 
would like, however, to end this manuscript on a more personal note, 
affirming his belief in the importance of the preceding issues for 
establishing the foundations for a multivariate developmental psychology. 
That is to say, three separate classes of foundational issues have been 
examined here with respect to multivariate developmental psychology: 
the integration of substantive learning and developmental theory 
(Chapters 3, 4, and 5), meta-theoretical issues or the conceptual 
framework (Chapters 2 and 8), and finally, methodological considerations 
or descriptive data gathering strategies (Chapters 6 and 7). The way 
is now a little clearer in order to begin a truly multivariate develop- 


mental psychology. 
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APPENDIX A 
In this section, a brief consideration will be given to some 
of the scaling problems involved in detecting "real" changes in factors, 
where the central problem revolves around equivalence of scale across 
time. No definitive solutions are arrived at in this regard, but rather 
some of the problems and relevant work is noted thereby indicating the 
direction that such solutions may take. 
Consider Equations [3], [4], and [5] in Chapter 2 where 
variable x on the left hand side is in standard score form. More 


implies 


specifically, a change in variable x as indicated by raaey SA ae 


that either the raw score, mean, or standard deviation at occasion O5 


has changed, since z_. = x 


ag ecaxeer Xj/Sy- In order to control for spurious 


changes in Za the variable x should be standardized from the pooled 
scores aorossuodensicns. 1.e. one obtains a single combined set of 
standardized variable scores thereby achieving a common mean and 
variance. 

Controlling for differences in metric or variances across 
occasions (or groups) is a distinct advantage of cannonical, maximum 
likelihood, image, and alpha factor solutions, since these methods 
involve rescaling the reduced correlation matrix R by either the 
reciprocal of the uniqueness (the first three methods) or the reciprocal 
of the commonality (the last method). All of these procedures will yield 
identical within method solutions under conditions where there are 
metric differences for the same variables across occasions. 

Recently Bentler (1973) has reviewed the major issues involved 
in dealing with change data that is factor analyzed. The data of 


interest here consists of at least two persons X variable matrices 
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obtained on different occasions. Following Bentler's (1973) discussion 
and terminology, the separate standard score method, which involves 
obtaining separate factors in the usual manner for each of the data 
matrices, is found to be quite inadequate for the purposes of reflecting 
change. Besides the usual problem of establishing the identity of 
factors from occasion to occasion, this method is unable to reflect real 
changes in factor scores, since factor scores are standardized within 
occasions. This approach actually assumes that the means for factor 
scores are equal across occasions (means of 0), thus precluding the 
possibility for change. 

In the separate raw score method, one factors the raw scores 
themselves rather than standard scores. Thus information about dif- 
ferences in means and variances is retained. Since such information 
will strongly affect the loadings across occasions and thus make factor 
matching quite difficult, it is desirable to normalize the loadings for 
each factor and thereby absorb the differences in scale and mean in the 
factor scores rather than in the factor loadings. The latter procedure, 
however, will not permit the detection of real changes in factor loadings. 
Another problem with factoring raw scores is that communality and 
uniqueness become confounded. 

The within-group covariance method arrives at a single factor 
loading matrix for the data from two occasions while allowing the factor 
scores to change, and would thus be appropriate for reflecting quan- 
titative change (Equation [3]). However since deviation scores are 
factored, this method must make the questionable assumption of equal 
means across occasions. In the simultaneous analysis method, in which 


raw scores are factored rather than deviation scores, information 
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regarding means is retained. However to the extent that it is con- 
ceptually desirable to allow for changes in factor loadings, these two 
approaches must be abandoned since they preclude such a possibility. 

In the identical factor score methcd, as one might guess, 
factor scores are assumed to be invariant across occasions while factor 
loadings are permitted to change, and thus would be appropriate for 
reflecting structural change (Equation [4]). To the extent that one 
wishes to allow for both changes in factor loadings and factor scores, 
this method must be abandoned. 

The most recent attempt to provide a model in which changes in 
both factor scores and factor loadings is possible, and would thus permit 
identifying quantistructural change (Equation 5), is longitudinal factor 
analysis (Corballis and Traub, 1970). As the authors have noted, the 
mean factor scores on both occasions, however, are 0, thereby not per- 
mitting any mean growth from occasion to occasion. A more generalized 
version of this model is presented by Bentler which does allow for mean 
change across occasions. 

Cattell (1970b, 1972) has also been concerned with the problem 
of eliminating spurious changes in factors when one compares groups 
differing in either age or culture. In the equipotent method, the data 
of interest across occasions (or groups) are combined for purposes of 
obtaining a single standard score distribution. This approach thus 
avoids spurious changes in factor scores that would result if one were 
to restandardize each occasion (or group) separately. An additional 
feature of this method is that the weights used for estimating a factor 
score (from a factor estimation matrix), are rescaled by the reciprocal 


of the squared multiple correlation of the variables and predicted 
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factor scores. In other words, the loadings used for estimating the 
factor scores are brought to equipotency or equal footing by a normalized 
factor estimation matrix. This procedure permits differences in means, 
sigmas, and individual factor scores to emerge. In the isopodic method, 
Cattell introduces the concept of real base factor analysis, in which 
arbitrary metric differences in variables is avoided by sampling from 

a universe of behavior variables. The raw scores obtained from such 
sampling are then employed in covariance factoring, where it is assumed 
that a normalized covariance factor pattern matrix will apply across all 
groups. In other words, this procedure will yield 'real' changes in 
factor scores where such scores may differ in mean and sigma across 
groups, although the factor loadings will be constant across groups. 

The latter requirement is based upon the tenuous assumption that a given 
factor will always affect the same variables in an identical manner 
across different groups. Cattell himself, however, implies that this 
assumption will not hold when the groups to be compared are substantially 
different. This criticism also applies to Rozeboom's (1971) recent 
change model, since it likewise assumes invariant factor loadings across 
time (or across groups defined in terms of time). 

Finally the problem of establishing factor invariance for that 
case where the same variables are factor analyzed in different popula- 
tions will be briefly mentioned. In the present context, where the focus 
is upon the same individuals across occasions, each of the occasions 
may be considered as defining a different subpopulation (in terms of 
time) although the same individuals are represented at each occasion. 
Mulaik (1972, pp. 340-360) has presented an excellent summary of the 


problem of factor invariance under selection of different experimental 
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subpopulations, and only some of the major points most relevant in the 
present context will be mentioned. First, under the assumption that the 
various subpopulations are drawn from a common parent population, 

Mulaik demonstrates that the factor pattern matrix (which contains the 
factor loadings) will remain invariant across subpopulations. However 
this situation will hold only if the same metric is used in the parent 
and subpopulations, i.e., variance-covariance matrices are mathematically 
Operated upon rather than correlation matrices. If one were to use 
correlational matrices rather than variance-covariance matrices, it would 
be necessary to transform the resulting factor pattern matrix into the 
original common scales by multiplying the factor pattern coefficients 

by the appropriate original variable standard deviations. In passing it 
can be noted that such factor invariance depends upon assumptions that 
may not always be met (see Mulaik, 1972, p. 359). 

Most important in the present context is that if subpopulation 
at occasion 05 is from the same parent population as the subpopulation 
at occasion 0, > there will be structural invariance, and the only type 
of change possible is quantitative change (Equation [3]). If, however, 
the two subpopulations are not from the same parent population (i.e., 
those same individuals from occasion 0, to occasion 0, are not really 
the "same" owing to what may have transpired in the interoccasion 
interlude), then either structural (Equation [4]) or quantistructural 
(Equation [5]) change may ensue. 

Assuming structural invariance across subpopulations and the 
use of a common metric (i.e. variance-covariance matrices rather than 


correlational matrices), as Mulaik notes, it is quite possible to have 
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different interfactor covariances (and correlations) across subpopulations. 
In fact, Mulaik (1972, p. 358) discusses procedures of comparing dif- 
ferent subpopulations in terms of interfactor covariances assuming in- 
variant factor pattern matrices. If one were to define the different 
subpopulations in terms of the same individuals at various occasions 
(i.e., longitudinal measures), we now have a means of determining the 
changes in the interfactor relationships that are discussed in Chapters 
5 and 6. 

It can be expected that the recent developments discussed 
above for getting at "real" changes in factor scores, factor loadings, 
and interfactor relationships, will eventually permit one to operation- 


alize the various change models considered in the present text. 
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APPENDIX B 

The second implicit assumption that is made in the present 
work is that the factor analytic model is essentially a linear model. 
Although those adopting multivariate approaches to the structuring of 
psychological data are generally aware that their techniques are limited 
tc detecting additive and noninteractive relationships, it is true, as 
Wilson (1973) has pointed out, that this assumption may not be tenable 
in certain domains, and violations of the linearity assumption are often 
not fully realized. It is difficult to make a convincing argument for 
precluding the detection of complex relationships in favor of the 
mathematically pleasing linear model when in. fact it is suspected that 
the latter will greatly distort the inherent structure in the data. 
However, as Cattell (1966a), Digman (1966), and Rozeboom (1973) have 
all pointed out, the linear model will often provide a useful first 
approximation, or at least is a worthy first candidate, for getting at 
the latent structure of a data array. Digman (1966) goes somewhat 
further in his consideration of interaction and nonlinearity in multi- 
variate work, noting several instances where the linear model can readily 
pecemmea ate to nonlinearity and interaction, and therefore predicting 
that such a model will continue to play a dominant role in psychological 
research. 

Although the multivariate linear model is attractive, both 
because of its capability to handle a relatively large number of 
variables and its mathematical simplicity, this will not justify its 
blind adoption. When one suspects important interactive relationships 
which are not amenable to linear analysis in the manner described by 


Digman (1966), other approaches should be sought, such as those 
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suggested by Wilson (1973). It should be noted, however, that important 
steps have been taken by proponents of factor analysis to incorporate 
nonlinear considerations into a basically linear model. Thus Cattel] 
(1966a) has talked about permissive factors, where a certain level on a 
given factor is required before a second factor comes into play. Such 
post factor analytic treatment of nonlinear considerations is much in 
keeping with the view that, although linearity is assumed in identifying 
factors, this in no way precludes the later mapping out of nonlinear 
factor interrelationships (Cattell, 1966a; Royce, 1973b). In this way 
it is possible to, at least post factor analysis, consider conjuntive 
(both A and B) and disjunctive (either A or-B) models, besides the more 
basic compensatory (trading off relationship) model. In this way, it is 
possible to partially meet the criticism (Pawlik, 1973; Wilson, 1973) 
that the factor analytic model is compensatory in nature and unable to 
deal with conjunctive and disjunctive aspects. 

An additional important development to incorporating nonlinear 
aspects into the basic linear factor analytic model has been made by 
Cattell (1963). Cattell has elaborated a somewhat analytic modulation 
theory, where roles and states may modulate, or modify, a whole pattern 
of personality traits, as determined by both the global or background 
stimulus conditions, and the more specific focal stimulus situation. 

In this way, basically linear relationships may become modified in 
considering a particular total situation. 

It will be up to future research to decide the limitations 
of the present theoretical models in terms of violating the linearity 


assumption. 
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